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I.—Sulphocamphoric Acid and other Derivatives of 
Camphorsulphonie Acid. 


By Artuur Lapworts, D.Sc,, and Freperic Srantey Kippina, 
. Ph.D., D.Sc. 


THE study of the oxidation products of simple derivatives of camphor 
has hitherto been of little assistance in affording a clue to the consti- 
tution of that substance, chiefly because, as was recently pointed out 
(Trans., 1896, 69, 913), the only derivatives obtainable in large 
quantities are those produced by substitution in the ring which 
suffers disintegration in the formation of camphoric acid. 

Notwithstanding this lack of success on the part of nearly all who 
have worked on these lines, it is still probable that the solution of the 
problem may be ultimately arrived at by selecting a suitable deri- 
vative and oxidising it, in successive stages, until a compound of known 
constitution is obtained. 

An attempt of this kind, the results of which were described a 
few months ago (loc. cit.), was only successful to a limited extent, 
partly owing to the difficulty of obtaining sufficient material (a7- 
dibromocamphor), and partly because it was found impossible to convert 
either the primary product of oxidation (z-bromocamphoric acid) or 


any of its derivatives into open-chain compounds by further 


oxidation. 
Under these circumstances it was desirable to select some other 


camphor derivative for investigation in this way, and the comparative 
ease with which the ammonium salt of a-bromocamphorsulphonic acid 
could be prepared in large quantities led us to make experiments on 
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the oxidation of this substance. Although the sulphonic group in 
a-bromocamphorsulphonic acid occupies the z-position, am-dibromo- 
camphor being obtained by the pyrogenous decomposition of a-bromo- 
camphorsulphonic bromide, it seemed likely that the sulphonic acid 
might be attacked by oxidising agents ina manner quite different 
from that in which az-dibromocamphor is acted on; moreover, the 
solubility of the sulphonic acid in water permitted of the use of 
potassium permanganate, an oxidising agent which could ‘not well be 
employed in the case of az-dibromocamphor, owing to the insolubility 
of the latter in water. 

The investigation of the oxidation of fatty sulphonic acids appears 
to have been but seldom undertaken, although, it is true, some experi- 
ments of this kind have recently been made by Perkin (Proc., 1894, 


109 ; 1895, 23) on the oxidation of sulphocamphylic acid C,H 


the compound obtained on warming camphoric acid with sulphuric 
acid ; consequently, lacking the benefit of the experience of others, we 
have been obliged to make many experiments under very diverse 
conditions in order to obtain definite products, a slight deviation from 
the suitable conditions often leading to the formation of a product of 
so mixed a character that we could not isolate any crystalline 
substance from it. Considerable difficulty has also been encountered 
in isolating the oxidation products, which as a rule consisted of 
mixtures of sulphonic acids ; these could not be extracted from aqueous 
solutions by the ordinary methods, owing to their excessive solubility 
in water and their slight solubility in the liquids ordinarily used for 
extraction purposes, and, generally speaking, even when freed from 
inorganic matter they did not crystallise at all readily. 

After having made a number of unsatisfactory experiments 
on the action of nitric acid on a-bromocamphorsulphonic acid 
we studied the action of potassium permanganate on an aqueous 
solution of potassium a-bromocamphorsulphonate. In absence of free 
alkali, oxidation proceeded very slowly and a large proportion of the 
organic eompound underwent no change even when its aqueous 
solution was heated with excess of permanganate during many hours ; 
the addition of a large quantity of potassium hydroxide hastened 
oxidation considerably, but also added to the difficulty of isolating the 
product to such an extent that we were led to study the action of 
ammoniacal permanganate on a solution of ammonium a-bromocam- 
phorsulphonate. 

These experiments gave interesting results; in spite of the well- 
known fact that ammonia is itself oxidised by permanganate, we found 
that its presence greatly accelerated the oxidation of the bromocam- 
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phorsulphonic acid, and that the isolation of the product was a 
comparatively simple matter, inasmuch as the excess of ammonia and 
the nitrous acid produced by its oxidation could be subsequently got 
rid of without difficulty. 

The product of the oxidation of a-bromocamphorsulphonic acid under 
these conditions seems to consist for the most part of an acid of the 
composition SO,H-C,H,,(COOH), which we have named selphocamphoric 
acid. As we show later, this compound is derived from d-camphoric 
acid simply by the substitution of a sulphonic group for an atom of 
hydrogen, and the position of this substituent having already been 
determined by the study of the oxidation products of ax-dibromo- 
camphor (loc. cit.) if we adopt Bredt’s formula for camphorie acid, 
the constitution of this sulphonic derivative may be represented 
as follows. 

CH, 


CH-CSc06H 


_-CH,'S0,H 
C<oH 
ou,-c<4# 


COOH 


Sulphocamphoric Acid. 


The formation of sulphocamphoric acid from a-bromocamphor- 
sulphonic acid, therefore, is exactly analogous to that of 2-bromo- 
camphoric acid from az-dibromocamphor, and, as it is perhaps 
unnecessary to point out, sulphocamphorie acid is only distantly 
related to sulphocamphylic acid, which is not a simple substitution 
product of camphoric acid at all. 

Sulphocamphoric acid is crystalline, forms well-defined salts, and 
has all the general properties of sulphonic acids; it is convertible 
into an anhydride, which has acid properties, and which is doubtless 


sulphocamphorie anhydride, S05H-C,H,,<co>0. The proof that 


sulphocamphoric acid is a simple substitution product of d-camphoric 
acid is afforded by the fact that by a series of simple changes it may 
be converted into z-bromocamphoric acid, which, in its turn, may be 
reduced to d-camphoric acid by the method previously described (loc. 
cit.). The first step in this process is the preparation of the sulphonic 


bromide of camphoric anhydride, S0,Br-O,H,,<po>0, which is 


accomplished by triturating the acid with phosphorus pentabromide ; 

this sulphonic bromide is a neutral, well-defined substance, which may 

Serve as a ready means of characterising the acid. When heated 
B 2 
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at its melting point, the sulphonic bromide decomposes, giving sulphur 
dioxide and z-bromocamphoric anhydride, a change analogous to that 
studied in the case of other sulphonic derivatives of camphor and 
of camphene ; finally, the z-bromocamphoric anhydride may be trans- 
formed into the corresponding acid by dissolving it in hot concentrated 
nitric acid (Trans., 1896, 69, 61). The following formule indicate the 
main steps in the above transformation. 


S0,H-C,His<poon > S0;BrUsH,,<pp->0 > BrO,H,,<CO>0. 

By similar methods, sulphocamphoric acid has been converted first 
into the sulphonic chloride of camphoric anhydride, then into z-chloro- 
camphoric anhydride, and finally into a z-chlorocamphoric acid which 
is doubtless a simple substitution product of d-camphoric acid. These 
compounds were prepared with the object of comparing their 
properties with those of the corresponding optically inactive sub- 
stances which have been obtained in the course of another investi- 
gation, and which will be described in a future paper ; it is enough to 
state here, that in general behaviour z-chlorocamphoric acid and its 
anhydride are very similar to the corresponding optically active 
a-bromo-acid and its anhydride respectively. 

Returning to sulphocamphoric acid, it is interesting to note that 
this substance seems to resist the action of nitric acid and of other 
oxidising agents to an even greater extent than does ordinary cam- 
phoric acid, and it would appear, therefore, that the transformation 
of a methyl group into -CH,°SO,H has an effect similar to that which 
is produced by changing the same methyl group into carboxyl, namely, 
to render the molecule far less accessible to the attack of oxidising 
agents. (Compare the behaviour of camphotricarboxylic acid. Trans., 
1896, 69, 954.) 

Having found that a-bromocamphorsulphonic acid is simply 
converted into the stable sulphocamphoric acid on oxidation with 
permanganate, we returned to the study of its behaviour towards 
nitric acid ; after many experiments, which led only to the isolation 
of a small quantity of ammonium dihydrogen sulphocamphorate, 
SO,NH,°C,H,,(COOH),, we found that a good yield of a definite 
crystalline substance could be obtained by boiling a solution of 
ammonium a-bromocamphorsulphonate in moderately concentrated 
nitric acid during about 60 hours. 

The compound in question has the composition 


C,,H,,.Br,(OH)O-SO,H, 
and there is little doubt that it is a hydroxydibromocamphorsulphonic 
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acid ; inasmuch as it is formed from a mono-bromocamphorsulphonic 
acid, it is obvious that the latter has undergone bromination, as well 
as oxidation, a result which is accounted for on the following sup- 
position :—that a portion of the bromocamphorsulphonic acid under- 
goes oxidation with formation of sulphocamphoric acid and bromine, 
the unchanged portion being then subjected to the simultaneous 
action of bromine and of nitric acid. That these actions really occur 
can hardly be doubted, especially since, as stated above, we have 
proved that sulphocamphoric acid is formed by the action of nitric 
acid on a-bromocamphorsulphonic acid. It is true that ‘in preparing 
the hydroxydibromo-derivative we have not at the same time 
obtained, or observed the presence of, sulphocamphoric acid, partly, 
no doubt, because we made no special efforts to isolate it, partly, 
perhaps, because by such prolonged treatment with nitric acid it may 
undergo further oxidation. 

As to the constitution of the hydroxydibromocamphorsulphonic 
acid, it seems probable that the hydroxyl group is formed by the 
oxidation of the same tertiary (w)-hydrogen atom as that which under- 
goes oxidation in the conversion of cis-r-camphanic acid into hydroxy- 
cis-r-camphanic acid (Joc. cit.) ; this particular hydrogen atom, more- 
over, for reasons previously given, is doubtless the same as that which 
is displaced by bromine in brominating camphoric, 7-bromocamphoric, 
and camphotricarboxylic acids (Joc. cit.). The position of one of the 
bromine atoms in the compound is known, as the acid is derived from 
a-bromocamphor, and, judging by the great stability of the dibromo- 
acid towards nitric acid it may be inferred that the second atom of 
bromine is also in the a-position; this conclusion is confirmed by the 
fact that, if the dibromo-acid be heated with a solution of silver nitrate 
in nitric acid, bromine is eliminated, and the compound is thereby 
rendered easily oxidisable. The following formula may therefore be 
used to express the constitution of the hydroxydibromocamphorsulphonic 
acid. 


<CH, 


ag 
.OH,S0,H 


be. | 
‘ -OH | 


Hydroxydibromocamphorsulphonic acid is very readily soluble in 
water, and has all the ordinary properties of a sulphonic acid ; by the 
action of phosphorus pentabromide, it is converted into a sulphonic 
bromide, ©,,H,,Br,(OH)O-SO,Br, the crystals of which have been 
measured. Another derivative of the acid has also been studied, 
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namely, a well-defined crystalline substance, which is contained in the 
nitric acid solution of the crude product of oxidation of a-bromo- 
camphorsulphonic acid, and which is easily isolated, owing to its slight 
solubility in water. 

This compound has the composition C,,H,,Br,8O,, and the fact that 
it is devoid of acidic properties points to the conclusion that it is a 
sulpholactone derived from the hydroxydibromo-acid, a view which we 
were able to confirm by converting the acid into the neutral compound. 
This change, however, takes place only to a limited extent and under 
rather peculiar conditions ; when an aqueous solution of the acid, to 
which a little silver nitrate has been added, is heated for a short time, 
and the solution, after having been treated with hydrochloric acid and 
filtered from silver chloride and bromide, is evaporated, the syrupy 
residue is no longer completely soluble in cold water, but gives a dis- 
tinct turbidity owing to the separation of small quantities of the 
lactone; if the latter be separated and the solution of the acid 
evaporated again, small quantities of the lactone are again obtained 
and these processes may be repeated several times. The ordinary 
methods of converting acids into lactones were tried, but in this case 
were unsuccessful, in spite of the fact that the lactone is so stable that 
it is not decomposed to any appreciable extent when boiled with water 
for some time. Although, therefore, the two substances are, doubtless, 
related to one another chemically in the manner suggested, it is possible 
that the lactone is not derived from the hydroxydibromo-acid described 
above, but from a stereoisomeride of the latter ; the relation, in fact, 
may be somewhat analogous to that existing between trans-z-hydroxy- 
camphoric acid and cis-7-camphanic acid. Why the sulphonic acid 
should be converted into the lactone under the conditions mentioned 
above is not very clear, and we can only suggest that the change may 
in some way be due to the formation of the silver salt of the acid, the 
mutual action of the silver and bromine atoms in the molecule causing 
intramolecular change. 

In many well-known cases the action of nitric acid on a-monosubsti- 
tution products of camphor leads to the formation of a nitro-derivative, 
by displacement, probably, of the second a-hydrogen atom ; in oxidising 
a-bromo- and az-dibromocamphor, for example, reactions of this kind 
occur. a-Bromocamphorsulphonie acid may possibly undergo a similar 
change, but in no case have we actually observed the formation of a 
nitrobromosulphonic acid. The difference in behaviour of a-bromo- 
camphorsulphonic acid and of sulphocamphylic acid on oxidation is also 
interesting, for, whereas the sulphonic group is eliminated from the 
latter by the action of potassium permanganate (Perkin, /oc. cit.) the 
sulphonic group in a-bromocamphorsulphonic acid is very firmly held, 
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and ouly small quantities of sulphuric acid are formed on oxidising 
either with permanganate or with nitric acid. 

The statement of Marsh and Cousins (Trans., 1891, 59, 966) that 
“nitric acid brings about a displacement of the sulphonic group, with 
production, in the case of the a-bromo-acid, of the ordinary nitrobromo- 
camphor” must, in our opinion, be erroneous ; for in the first place 
the sulphonic group is not displaced by the action of nitric acid 
on ammonium a-bromocamphorsulphonate except on prolonged boiling, 
and then only relatively small quantities of sulphuric acid are formed ; 
and, secondly, even if this displacement occurred readily it is barely 
possible that ordinary nitrobromocamphor could be produced, because 
the nitro-group in the latter is not in the same position in the molecule 
as the sulphonic group in a-bromocamphorsulphonic acid. The presence 
of a-bromocamphor in the substance called by Marsh and Cousins 
“the a-bromo-acid”’ might of course account for the supposed forma- 
tion of the nitro-compound, but such an impurity could hardly have 
been overlooked, owing to its insolubility in water. 


EXPERIMENTAL. 


The a-bromocamphorsulphonic acid required for these experiments 
was prepared from a-bromocamphor by the method previously 
described, and isolated in the form of its ammonium salt (Kipping and 
Pope, Trans., 1895, 67, 356) ; as the acid itself can only be obtained 
in a pure condition by the hydrolysis of the sulphonic chloride or 
bromide, we employed instead the purified ammonium or potassium 
salt, which suited our purpose just as well. 

Ammonium a-bromocamphorsulphonate, in aqueous solution, is only 
very slowly attacked by potassium permanganate at ordinary tempera- 
tures, and even when the solution is kept permanently coloured by 
adding fresh quantities of the oxidising agent from time to time, the 
amount of permanganate which is reduced after the lapse of a month 
or so is comparatively small. When the solution is heated on a water- 
bath, other conditions remaining the same, oxidation proceeds with 
greater rapidity, and in the course of two or three days a considerable 
quantity of permanganate is used up; even then, however, the action 
is still incomplete. 

Under these circumstances, we made a series of experiments, using 
different quantities of permanganate in each case, sometimes adding it 
gradually, sometimes adding the whole at once ; the colourless solutions 
ultimately obtained were then filtered and evaporated to dryness, and 
the residues repeatedly digested with concentrated hydrochloric acid 
and aleohol. In this way we obtained various alcoholic extracts which 
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were evaporated, and the residues again treated in a similar manner, 
in order to get rid of most of the potassium chloride ; finally, the 
alcoholic solutions were evaporated and the residual syrups examined. 
The details of these experiments may be omitted, as with the exception 
of small quantities of sulphocamphoric acid, the preparation of which 
is described later, we were unable to isolate any crystalline oxidation 
product ; in most cases, also, a considerable quantity of a-bromo- 
camphorsulphonic acid was recovered and identified by means of 
its ammonium salt, a fact which showed that oxidation had been 
very incomplete, and which led us to modify the conditions of the 
experiment. 

We then tried oxidising with permanganate in presence of a con- 
siderable quantity of potassium hydroxide, the ammonium bromo- 
camphorsulphonate having been previously converted into the 
corresponding potassium salt; under these circumstances oxidation 
proceeded much more rapidly than before, the colour of the solution 
being discharged moderately quickly on warming, but the presence of 
such large quantities of inorganic potassium salts in the solution, 
after subsequent neutralisation, materially increased the difficulty 
of isolating the oxidation product. For this reason, the effect of the 
addition of ammonia in the place of potassium hydroxide was examined, 
and it was found that whereas two separate solutions of potassium 
permanganate in strong aqueous solutions of ammonium bromocamphor- 
sulphonate and ammonia respectively were only slowly decolourised 
at ordinary temperatures, when the two were mixed the pink colour 
was at once discharged, a considerable rise in temperature taking 
place. The conditions were then further studied, and the following 


method of oxidation finally yielded considerable quantities of a definite 
oxidation product. 


Sulphocamphoric Acid, 80,H-CH,<poorp: 


Ammonium bromocamphorsulphonate (15 grams) is dissolved in a 
mixture of 100 c.c. of water and 150 c.c. aqueous ammonia (sp. gr. ‘880), 
and successive small portions of finely ground potassium permanganate 
are then added to the solution; after each addition the solution very 
soon becomes colourless, the hydrated dioxide is precipitated, and a 
sensible rise of temperature occurs, so that it is advisable to keep he 
mixture cool by immersing the containing vessel in a stream of cold 
water. The process is continued until about 40 grams of perman- 
ganate have been used, and the addition should occupy at least 2 
hours. The solution is then filtered, the colourless filtrate evaporated 
nearly to dryness to expel all ammonia, and cautiously mixed with 
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15 grams of sulphuric acid, previously diluted with its own weight of 
water ; the addition of each drop of acid is followed by the evolution 
of ruddy fumes, liberated frora the nitrite which has been produced by 
the oxidation of the ammonia, and as considerable heat is developed 
the mixture is again cooled. The pasty mass is now stirred up with 
alcohol, until the further addition of the latter occasions no precipitate, 
and the potassium sulphate and potassium hydrogen sulphate are 
separated by filtration and washed with alcohol, the washings being 
added to the clear liquid. The latter is diluted with distilled water, 
neutralised with barium hydroxide, and evaporated to dryness to get 
rid of the alcohol; the residue is then taken up with water, and the 
contained barium exactly precipitated by sulphuric acid. The filtered 
solution is once more evaporated to a syrupy consistency, and placed 
in a desiccator, when a gradual separation of crystalline matter takes 
place ; this is filtered off and dried. 

This crystalline matter is a mixture of two substances, namely, a 
sulphonic acid and its dihydrogen potassium salt, some of which in- 
variably escapes decomposition in the treatment with sulphuric acid 
in the above manner. These two compounds may readily be separated 
by taking advantage of the insolubility of the potassium salt in an- 
hydrous ethylic acetate ; the whole is therefore boiled with that liquid 
and the solution filtered, whereupon the sulphonic acid is deposited in 
beautiful transparent crystals of considerable size, containing ethylic 
acetate. 

A specimen prepared in this manner was heated at 100° until con- 
stant in weight and analysed ; qualitative tests showed that it con- 
tained sulphur, but not bromine, and combustions gave the following 
results. 


0°1564 gave 0:2455 CO, and 0:0840 H,O ; C=42°81, H=5:96 
0°1817 gave 0:2858 CO, and 0°0970 H,O; C=42:90, H=5-93 
C,,H,,SO, requires C = 42°86, H =5-°71 per cent. 


The analyses point to the conclusion that the acid is sulphocamphoric 
acid SO,H-C,H,,(COOH), and further evidence in support of this 
view is afforded by the determination of the equivalent of the acid. 
On attempting to do so by titration, it was found that the acid did not 
give any finite reaction with litmus when titrated against sodium car- 
bonate, but with phenolphthalein and caustic potash sharp results were 
obtained ; the number found for its equivalent was 92-4 as a mean of 
several concordant experiments, that of sulphocamphoric acid being 
93°3. The conversion of the sulphonic acid into r-bromocamphoric 
acid in the manner described later proved conclusively that we were 
dealing with sulphocamphoric acid. 
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Sulphocamphoric acid is very soluble in hot water and crystallises 
from its solution very slowly in the form of thin, striated, indefinite 
plates, containing water of crystallisation. It is also readily soluble 
in alcohol, acetic acid, acetone and ethylic acetate, and crystallises from 
the latter, on spontaneous evaporation, in beautiful transparent 
pyramidal crystals, which quickly effloresce when exposed to the air, 
giving off an odour of ethylic acetate. It is very sparingly soluble 
in ether, and practically insoluble in benzene, xylene, and chloroform. 
The crystals from water, when slowly heated, melt at about 115°, but 
when the tube containing them is plunged into sulphuric acid at 100°, 
and the temperature then quickly raised, they melt at about 105° with 
effervescence. The anhydrous acid melts at 188°, effervescence occur- 
ring, and then quickly solidifies, melting once more at about 220° ; 
the latter effect is doubtless due to the formation of anhydride (see 
later). 

Sulphocamphoric acid is a strong acid and decomposes carbonates 
with great ease ; its solution acts rapidly on metallic zinc, hydrogen 
being evolved. It is dissolved at once by strong nitric acid, but it 
does not appear to undergo oxidation even when the solution is heated, 
as no brown fumes are apparent. Nevertheless, such a solution was 
boiled during six hours and then evaporated to dryness and the residue 
examined ; it yielded a small quantity of crystalline matter which had 
all the properties of sulphocamphoric acid, but no oxidation product 
could be detected. 

Sulphocamphoric acid does not appear to be oxidised by a boiling 
solution of potassium permanganate, and the latter, when rendered 
ammoniacal, does not seem to be decolourised more rapidly in presence 
of the acid than in its absence. 

The salts of sulphocamphoric acid are fairly characteristic ; the 
following were examined. 

The neutral potassium salt was obtained by neutralising a solution 
of the acid, coloured with phenolphthalein, with potassium 
hydroxide ; it dissolves very readily in water, forming a thick liquid, 
which, on evaporation, gradually deposits the salt in large, indefinite, 
semi-transparent masses which appear to contain water of crystallisa- 
tion ; it is insoluble, or nearly so, in other neutral organic solvents. 

The acid potassium salt, C,H,,(COOH),*SO,K, is prepared from the 
solution of the acid containing methyl-orange, enough potash being 
added to change the colour of the indicator; the solution is then 
evaporated nearly to dryness and allowed to crystallise. The salt is 
very readily soluble in water and in alcohol, but is insoluble in ethylic 
acetate or acetone ; it separates from water or alcohol in aggregates of 
flat needles. A portion was dried at 100° and analysed. 
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0°6321 did not lose water at 110° and gave 0°1688 K,SO,K = 12:00. 
C,,H,,SO,K, requires K = 12-2 per cent. 

The normal ammonium salt dissolves very readily in water and in 
dilute alcohol, but appears to be insoluble in strong alcohol and 
acetone. The acid ammonium salt, C,,H,,SO,-NH,, made from the 
normal saJt, dissolyes readily in ethylic and methylic alcohols but is 
insoluble in ethylic acetate and crystallises from a mixture of the last 
two in colourless, thin, four-sided plates; it is identical in every 
respect with a salt obtained from the oxidation products of ammonium 
bromocamphorsulphonate with nitric acid as described later. 

The /ead salt, prepared by dissolving lead carbonate in a hot solution 
of the acid, forms an amorphous white mass, and is readily soluble in 
hot, but nearly insoluble in cold, water. The basic lead salt, prepared from 
the ammonium salt by double decomposition with basic lead acetate, 
forms a bulky, colourless precipitate insoluble either in hot, or in cold, 
water. The mercuric salt is insoluble in water and is obtained as 
a white flocculent precipitate on mixing nearly neutral solutions of 
the ammonium sali and mercuric chloride. 

The salts of barium, calcium, strontium, iron, copper, and silver are 
readily soluble in water, and could not be made to assume a crystalline 
form. 


Sulphocamphorie Anhydride, S0,H-O,H,, <p >0. 


This substance is obtained by boiling sulphocamphoric acid during 
about 6 hours with acetic anhydride ; on subsequent evaporation, the 
solution yields a syrupy residue which slowly solidifies, and which is 
then purified with the aid of porous earthenware. The substance is 
very readily soluble in water, alcohol, acetone, and ethylic acetate, but 
appears to be quite insoluble in benzene and chloroform ; it crystallises 
from dry ethylic acetate in long colourless needles melting at 220—222°. 
As it was somewhat difficult to purify and to preserve, its characterisa- 
tion was only carried to the above extent. 


Sulphonic Bromide of Camphoric Anhydride, S0,Br-C,H,;<po>0. 


Sulphocamphoric acid is carefully dried and triturated with 1} 
times the theoretical amount of phosphorus pentabromide ; the mixture 
liquefies and evolves hydrogen bromide, and finally solidifies. The mass 
is powdered and mixed with ice, the insoluble matter being afterwards 
separated and allowed to dry; it is then quickly crystallised from 
ethylic acetate, the process being repeated until. the substance is 
colourless. 
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The sulphonic bromide is readily soluble in cold ether, acetone, and 
alcohol, suffering hydrolysis in the last instance. It is not very 
soluble in cold ethylic acetate, but dissolves readily in the hot liquid, 
and, on cooling, is deposited in the form of aggregates of minute 
pyramidal crystals whose true form cannot readily be distinguished. 
It is not appreciably soluble in chloroform or benzene; but is dissolved 
to a very small extent by hot carbon tetrachloride, carbon bisulphide, 
and xylene, and separates from the last mentioned, on cooling, in 
separate, minute, glistening crystals, which appear to be very 
short prisms. It melts and decomposes at 169—171°. 

The substance is very unstable towards hydrolytic agents; it is 
decomposed by boiling with water and by warming with alcohol, or 
even when it is merely allowed to remain in that liquid; wet ether ap- 
pears to effect its partial hydrolysis, for, after having been mixed with it 
the sulphonic bromide becomes distinctly more difficult to crystallise. 
When acetone is poured on to the sulphonic bromide, the decomposition 
of the latter is evinced by the production of purigent fumes, probably of 
bromacetones. It is not dissolved by a solution of sodium carbonate, 
and is therefore not an acid. It was not analysed, but its formation in 
the above manner and its great similarity to the corresponding sul- 
phonic chioride, which was analysed, place its nature beyond question. 

As mentioned above, the sulphonic bromide, when heated, decomposes 
at its melting point, and a gas is evolved which is undoubtedly 
sulphurous anhydride, whilst a sublimate of long, slender needles is 
observed in the cooler part of the tube. The decomposition is not 
attended by any appreciable darkening, and at the end of five minutes 
the evolution of gas appears to have entirely ceased ; the remaining 
liquid solidifies when cold, and when it is reheated melts at about 
148—150°. 

The product of the above experiment was crystallised from chloro- 
form, in which it was readily soluble, and from which it separated in 
long, transparent rhombohedral plates, melting at 155—156°; it was in 
every way similar to z-bromocamphoric anhydride, with which, con- 
sidering its mode of production, it was thought to be identical. It 
was, like that substance, acted on by hot nitric acid, and its solution 
in that liquid, after being boiled for about an hour, deposited an acid 
which separated from hot water in beautiful fern-like crystals, and 
from dilute acetic acid in minute rhombohedra, and melted at 215—217°. 
The identity of these two products with z-bromocamphoric anhydride 
and z-bromocamphoric acid respectively was made certain by mixing 
them with specimens of those substances made from az-dibromo- 
camphor, when the melting points were not depressed. The production 
of wz-bromocamphoric anhydride in the foregoing manner from th 
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oxidation product of ammonium bromocamphorsulphonate completes the 
evidence required to establish the relation between sulphocamphoric 
acid and ordinary d-camphoric acid. 


Sulphonic Chloride of Camphorie Anhydride, $0,C1-0,H,;<p5>0. 


The sulphonic chloride of camphoric anhydride may be prepared from 
the purified sulphocamphoric acid by the action of phosphorus penta- 
chloride in a manner exactly similar to that used for the preparation 
of the sulphonic bromide. It is more convenient, however, and far 
less tedious, to prepare it from the crude acid, The solution of the 
oxidation products is filtered from hydrated manganese dioxide, 
mixed with the requisite quantity of sulphuric acid, and evaporated to 
dryness on a water-bath. The residue is heated in the oven at 
130° till it appears to be quite dry, and is then powdered, and tritu- 
rated in a mortar with a little phosphorus pentachloride ; as the action 
is somewhat violent and much heat is disengaged, the addition of the 
pentachloride should be gradual. When the action has apparently 
ceased, the whole is poured into a dish and warmed very gently upon 
a sand-bath with more pentachloride until excess of the latter is 
obvious. The whole is now thrown on to ice, and the insoluble 
sticky matter which separates is collected and laid upon a porous 
tile. When dry, it is triturated with ethylic acetate, whereby the 
greater part becomes powdery, and may be filtered from the black 
liquid and dried at 100°. At this stage it is a coarse, black powder, and 
should be quickly crystallised two or three times from ethylic acetate 
until it is light yellow ; another crystallisation usually renders it pure. 

A specimen prepared in this manner was dried at 100° and analysed 
by boiling it with a solution of silver nitrate, the silver chloride pro- 
duced being collected and weighed. 

02309 gave 0°1214 AgCl. Cl = 13:0 

C,)H,,S0,Cl requires Cl = 12°7 per cent. 


‘ The sulphonic chloride is readily soluble in acetone, ether, and in 
hot ethylic acetate ; it appears to be rather more readily soluble in 
benzene, chloroform, and carbon bisulphide than the corresponding 
sulphonic bromide, which it closely resembles in properties. It 
separates from hot ethylic acetate in beautiful crystals, which take 
the form of octahedra, needles, or prisms, according to the conditions ; 
when its solution in cold ethylic acetate is allowed to evaporate at the 
ordinary temperature, it separates in the form of magnificent prisms 
belonging to the orthorhombic system, and which may be obtained 
several centimetres in length, Jt melts and decomposes at 184—185°. 
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The crystals from ethylic acetate were measured, with the following 
results. 
Crystalline system :—Orthorhombic. 
a:b:¢ = 0°6789: 1 :0°7646. 
Forms observed :—é {010}, p {110}, ¢g {011}, xr {101}. 


Fie 1. 


The following angular measurements were obtained. 


No. of 

Angle. measurements. Limits. 
pq = 110: 011 30 69° 36’—-70° 40’ 
gr = 110: 101 26 51 19 —52 
qr = 011:101 10 57 31 —58 
pp = 110: 110 16 
bp = 010: 110 24 
by = 010: 011 20 
qq = 011: 011 14 
br = 010: 101 6 
rb = 101: 010 6 

The crystals from ethylic acetate are usually well-formed 
parent prisms, but are sometimes very unsymmetrically developed, 
being occasionally obtained as thick four-sided plates. The forms 
qi011} and p{110} are always present, the former being usually the 
largest on the crystal; r{101} is usually represented but is always 
small, whilst 5{010} is frequently absent, but is sometimes of consider- 
able magnitude. All the faces afford fairly good images. There is a 
fairly good cleavage parallel to p{110}. 

The crystals are too brittle for close optical examination. A few 
fragments, however, examined in convergent polarised light showed a 
biaxial interference figure ; the optic axial angle is fairly large, the 
double refraction being moderately strong and negative in sign. The 
dispersion is considerable. 

With regard to the other properties of the sulphonic chloride, they 
bear so close a resemblance to those of the corresponding bromide that 
reference may be made to the latter. We have observed, however, that 


the chloride is readily dissolved by hot nitric acid and, if the solution 
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be cooled immediately, it is deposited in beautiful, long, colourless 
needles. 


a-Chlorocamphoric Acid, C,H,,Cl(COOH),. 


Having some quantity of the sulphonie chloride of camphoric 
anhydride at our disposal, we considered it advisable to prepare from 
it the corresponding active chlorocamphoric acid and its anhydride. 
The optically active -bromocamphoric acid has already been described 
by one of us (Trans., 1896, 69, 913), and the properties of the 
optically inactive chloro- and bromo-acids will form the subject of 
another paper. 

When only imperfectly purified sulphonic chloride is decomposed, 
much dark sticky matter is produced, and a considerable loss occurs. 
It is therefore advisable to use the carefully purified substance 
and proceed in the following manner; in any case, however, the 
decomposition is not nearly so perfect as that of the sulphonic 
bromide. 

The sulphonic chloride, in quantities of about 2 grams at a time, is 
placed in a shallow beaker, covered with a watch glass, and heated 
on a fusible-metal bath, the temperature of the bath being gradually 
raised to the melting point of the substance and maintained at 
that point. As the substance melts, decomposition at once ensues, 
sulphurous anhydride being evolved ; the mass gradually darkens and 
the effervescence continues briskly for about 30 seconds when it 
almost ceases; the heating is continued for, at the most, 5 minutes, 
and at the end of that time the watch glass and the beaker are seen to 
be coated with a sublimate of white needles, consisting of chloro- 
camphoric anhydride. As the unsublimed mass is very darkly coloured, 
and separates from solvents in very dirty crystals even after several 
recrystallisations, it was found expedient to convert the whole into the 
corresponding chloro-acid by dissolving it in nitric acid (sp. gr. = 1°42) 
and a little acetic acid, and heating on the water bath. The solution 
rapidly becomes lighter in colour owing to the oxidation of impurity, 
and after about an hour z-chlorocamphoric acid begins to separate 
from the hot nitric acid in pale yellow crystals. The whole is 
evaporated, and the acid purified by crystallisation from dilute acetic 
acid, About 14 grams is obtained from 2 grams of the orginal 
sulphonic chloride. 

A specimen prepared in the above manner and dried at 100° was 
found to contain 14-9 per cent. of chlorine (0°1854 gave 0:1116 AgCl), 
the calculated amount being 15:1 per cent. 

m-Chlorocamphoric acid is readily soluble in boiling concentrated 
nitric acid (sp. gr. = 1°4) and separates on cooling in fern-like crystals. 
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When crystallised slowly from a mixture of nitric and acetic acids, it 
is deposited in beautiful, transparent, apparently orthorhombic, crystals. 
It has no definite melting point, as the latter depends on the state of 
aggregation, rate of heating, &c. When heated fairly rapidly from 
about 195°, it sinters at about 200°; if in small crystals, it will 
melt completely at 205°, but if in large crystals not until about 213° ; 
its melting is accompanied by effervescence and very slight charring. 

It is readily soluble in cold acetic acid and also in cold acetone, 
methylic alcohol, and ethylic acetate, but is almost, if not quite, in- 
soluble in boiling chloroform. It is sparingly soluble in boiling water 
but is almost insoluble in the cold, and separates from the former in 
transparent prisms or in fern-like crystals. 

After its aqueous solution has been boiled for some time, it imme- 
diately gives a precipitate of silver chloride on the addition of nitric 
acid and silver nitrate. 

a-Chlorocamphoric acid, like the corresponding bromo-acid, has all 
the properties of a strong carboxylic acid, and its aqueous solution 
reddens blue litmus ; the solid acid dissolves quickly in a cold solution of 
sodium carbonate, and the solution, if it has not long been prepared, 
deposits the unchanged z-chlorocamphoric acid on the addition of 


hydrochloric acid. 


a-Chlorocamphoric Anhydride, OH, C1<GG>0. 


This substance is obtained in an impure condition, when the 
sulphonic chloride of camphoric acid is heated at its melting point. 
It is best prepared, however, from the purified chlorocamphoric acid 
by means of dehydrating agents. When the acid is warmed with 
acetic chloride during an hour, it slowly dissolves, and the solution, on 
evaporation, deposits the anhydride as a nearly colourless crystalline 
cake, which should be dissolved in chloroform and allowed to crystallise 
spontaneously. It is thus obtained in transparent rhomboidal plates, 
whereas it separates from ether in white, opaque prisms. When slowly 
heated, it sublimes in long, slender needles, and it appears to have no 
definite melting point ; crystals obtained by sublimation, when heated 
suddenly to 190°, do not melt until the temperature is raised to 
196—197°, but those deposited from chloroform melt at 193—194° when 
treated in a similar manner, and at 189—190° when heated slowly. 
The anhydride is readily soluble in chloroform, acetone, benzene and 
hot ethylic acetate, but only sparingly in light petroleum; it is 
insoluble in cold, dilute sodium carbonate solution, and is only slowly 
hydrolysed by boiling water, although it is rather quickly dissolved by 
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hot alkalis. When heated during half an hour with a mixture of 
nitric and acetic acids, it yields x-chlorocamphoric acid. 


Action of Nitric Acid on a-Bromocamphorsulphonic Acid. 


Having ascertained that the main product of the action of potassium 
permanganate on a-bromocamphorsulphonic acid is a simple derivative 
of camphoric acid, which is even more stable towards oxidising agents 
than is camphoric acid itself, we returned to the study of the action of 
nitric acid on the bromo-compound in the hope that oxidation products 
of a different character might be obtained ; these experiments have 
led to the discovery of some interesting compounds, which, in spite of 
the conditions under which they are formed, must be regarded as 
substitution products of camphorsulphonic acid. 

Ammonium a-bromocamphorsulphonate is slowly attacked by boiling 
nitric acid of sp. gr. 1:4; if the solution be boiled during some hours 
and then repeatedly evaporated with water until free from nitric acid, 
it yields a colourless, syrupy, acid liquid, which does not evolve 
ammonia when warmed with excess of potassium hydroxide. 

A number of preparations were obtained in this way, the periods of 
heating having been varied from 2 to 24 hours, but in all 
cases the results were unsatisfactory and the syrupy products did not 
crystallise even when kept for months over concentrated sulphuric 
acid. Attempts to isolate definite oxidation products by extracting 
aqueous solutions of the syrups, or the syrups themselves, with ether, 
acetone, ethylic acetate, &c., were fruitless, as were also endeavours to 
do so by precipitating a salt. On neutralising any of the syrups with 
ammonia, and testing with neutral solutions of various metallic salts, 
faint precipitates were obtained with copper sulphate, and rather 
larger ones with mercuric chloride, whilst large quantities of insoluble 
lead salts were formed on adding basic lead acetate ; the other metallic 
salts which were tried gave no precipitation. 

The bulky, yellowish precipitate produced by basic lead acetate was 
separated, washed, ground up with hot water, decomposed with 
hydrogen sulphide, and the clear filtrate evaporated to dryness. The 
residue, after standing for some weeks over sulphuric acid under 
reduced pressure, solidified to a semi-crystalline mass, from which, 
however, we were unable to isolate a pure substance. The reason for 
this appears to be that the mass is a mixture of sulphonic acids, for 
sulphocamphoric acid and all the oxidation products of bromocamphor- 


sulphonic acid which we have obtained yielded precipitates with basic 
lead acetate. 


These experiments having been unsuccessful, the syrups were in 
VOL, LXXI, C 
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many cases converted directly into salts of various metals by neutral- 
ising with the metallic carbonate or oxide ; in every case, however, the 
salt was obtained in the form of a glassy, sticky mass, without any 
trace of crystalline organic matter. 

Ammonium salts of sulphocamphorice acid.—A characteristic salt was 
finally isolated from the crude product of the oxidation of bromo- 
camphorsulphonic acid with nitric acid, by the following process :—The 
acid syrup was warmed with excess of concentrated ammonia, and to 
the solution of ammonium salt thus obtained was added about four 
times its bulk of methylated spirit, when a precipitate consisting of 
very fine asbestos-like needles was obtained; this was separated by 
filtration, but the quantity was so smal] that we did not examine it. 
The alcoholic filtrate was evaporated to dryness, the residue once more 
neutralised with strong ammonia, and then mixed with a large bulk of 
acetone, when a dirty brown oil was precipitated ; after decanting the 
supernatant clear liquid, the oil was dissolved in a small quantity of 
water and the solution allowed to evaporate slowly ; ina few days 
there had accumulated a quantity of large rounded crystals, which 
were separated and recrystallised from water. The salt was thus 
obtained in colourless, transparent, suboctahedral masses, soluble in 
moderately strong alcohol, but insoluble in all other neutral organic 
solvents. In the hope of obtaining the acid from it, it was dissolved 
in water to which a small quantity of methyl-orange had been added, 
and dilute sulphuric acid was run into the solution, drop by drop, 
until the presence of a faint excess of mineral acid was indicated. 
The whole was then evaporated to dryness and extracted with absolute 
alcohol, which left undissolved pure ammonium sulphate, the filtered 
solution being evaporated to dryness. In a short time, the liquid 
became filled with a mass of thin, four-sided plates, which were dried 
on porous earthenware and then recrystallised from a mixture of 
methylic alcohol and ethylic acetate ; such a mixture, on evaporation, 
deposited the substance in glistening plates. 

This compound was soluble in acetone and in alcohol, but insoluble 
in chloroform and ethylic acetate; it had acid properties, but when 
heated with potassium hydroxide it gave off ammonia ; as, moreover, 
its dilute solution with a trace of mineral acid changed the colour of 
methyl-orange from yellow to red, it was probably the ammonium salt 
of a sulphonic acid containing free carboxyl groups. A portion dried 
at 110° did not lose in weight, and gave the following result on 
analysis. 


01378 gave 0°2050 CO, and 0°0802 H,O; C = 40:2, H = 6-4. 
C,,H,,NSO, requires C = 40°4, H = 6-4 per cent. 
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This result is in agreement with that required for an ammonium 
dihydrogen salt of sulphocamphoric acid, SO,(NH,)-C,H,,(COOH),, and 
a comparison of this product with the ammonium dihydrogen salt 
prepared directly from sulphocamphoric acid proved the identity of 
the two compounds. 


Hydroxydibromocamphorsulphonic Acid, C,,H,,Br,,80,. 


The results of the foregoing experiments having been unsatisfactory, 
we again changed the conditions and ultimately ascertained that a 
good yield of a crystalline product could be obtained as follows :— 
Ammonium a-bromocamphorsulphonate (25 grams), is placed in a flask 
provided with a reflux condenser, and covered with a mixture of 
170 grams of nitric acid (sp. gr. 1:42) and 200 c.c. of water ; the whole 
is then boiled during 50 hours. The liquid is now transferred to a 
retort and distilled to about one-sixth of its original bulk, after which 
it is diluted considerably, and mixed with the quantity of barium 
chloride necessary to precipitate the small amount of sulphuric acid 
which is invariably present ; the filtered solution, evaporated until it 
has the consistency of honey, is diluted with water, and again evapo- 
rated, this process being repeated until the residue no longer smells 
of nitric acid. The whole is once more diluted, when a cloudiness 
ensues, due to the separation of a substance which is nearly insoluble 
in very dilute nitric acid ; the liquid, therefore, is allowed to cool, and 
after separating the solid by filtration, it is once more evaporated as 
far as possible. 

If the experiment has been successful, the thick hot liquid, when 
stirred at this stage, will usually fill with glistening crystals, but the 
latter are not always formed, and in any case the syrupy product is 
transferred to a desiccator and allowed to remain over sulphuric acid 
for about two weeks, during which time the liquid gradually solidifies. 
The solid cake is then broken up, spread on porous earthenware, and 
exposed to the air, whereon some quantity of deliquescent acid or 
acids liquefies and is absorbed, the process being hastened by breathing 
upon the mass; when the latter has once more become dry it is 
triturated with ethylic acetate, which extracts small quantities of 
sticky impurities. The residue is then treated with cold water, when 
a little of the above-mentioned insoluble substance is left undissolved, 
the filtered liquid on evaporation yielding the acid free from any large 
quantity of impurity. 

The long, flat, colourless prisms thus obtained are finally heated for 
about 2 days at 100°, and then quickly recrystallised from a 

c 2 
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mixture of methylic alechol and benzene, or dry ethylic acetate. A 
sample prepared in this way was dried at 100° and analysed. 


0:1525 gave 0:1676 CO, and 0°0529 H,O; C=29°9, H=38. 
0:1288 gave 0:1163 AgBr and 0°0780 BaSO, ; Br= 39-4; S=7°8. 
C,,H,,Br,S0, requires C = 29°6, H=3°4, Br=39°4, S= 79 per cent. 


From these results, and from other evidence which we advance 
later, there can be no doubt that this substance is a hydroxydibromo- 
camphorsulphonic acid. It crystallises from water in long, colourless, 
transparent needles, which effloresce when exposed to dry air, and 
melt indefinitely between 128° and 133°, effervescence occurring, owing, 
doubtless, to the escape of water vapour. It is very readily soluble 
in water, alcohol and acetone, but only sparingly in ethylic acetate ; 
it is very sparingly soluble in ether, but the addition of this liquid to 
the hydrated crystals causes their liquefaction. In the majority of 
other solvents, such as chloroform, carbon tetrachloride, benzene, 
and xylene, the hydrated acid is apparently insoluble. The anhydrous 
compound is best crystallised from a mixture of benzene and methylic 
alcohol, from which it separates in four-sided transparent tables ; 
the latter melt at 156°—158°, darkening slightly and disengaging gas. 

The aqueous solution of the acid has a slightly bitter taste, and 
when poured upon metallic zinc is decomposed, hydrogen being evolved. 
All attempts to make salts of the acid were failures, as in almost 
every case it was found to have lost a considerable quantity of its 
bromine when neutralised with a metallic carbonate or hydroxide. 
As, by taking advantage of this fact, some interesting derivative might 
have been obtained, the action of barium hydroxide was studied, the 
acid being boiled with excess of the strong alkaline solution during 
several hours ; the solution was then filtered, the barium exactly 
precipitated with sulphuric acid, and the filtrate evaporated, but the 
syrupy acid product could not be made to crystallise. 

Hydroxydibromocamphorsulphonic acid is scarcely affected by 
boiling nitric acid, but if silver nitrate be added as well, oxidation 
takes place with great ease even when dilute nitric acid is used and 
silver bromide is precipitated ; several experiments were made in this 
way, the boiling being continued until nitrous fumes had practically 
ceased, and after precipitating the silver as chloride and filtering, the 

‘solution was evaporated. The product, in all cases, consisted of a 
thick syrup—probably hydroxysulphocamphoric acid—but we were 
unable to isolate any crystalline compound from it. 

Hydroxydibromocamphorsulphonic acid seems to be unchanged by 
hot, concentrated sulphuric acid, unless the latter is heated nearly to 
its boiling point, and on cooling the sulphonic acid separates again 
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almost entirely in well-defined needles; its slight solubility in 
sulphuric acid may be taken advantage of to effect its separation from 
the crude oxidation product, it being merely necessary to add to the 
latter about an equal volume of sulphuric acid and then to leave the 
mixture in a desiccator ; the sulphonic acid crystallises out and may 
be separated by filtration through asbestos. 

Attempts to demonstrate the presence of a hydroxyl group in the 
sulphonic acid by the preparation of an acetyl derivative gave negative 
results; when the acid is boiled during eight hours with acetic 
chloride or with acetic anhydride, in both cases it may be recovered 
unchanged ; this fact, however, cannot be taken as a proof of the 
absence of a hydroxyl-group, as sulphonic acids of acknowledged 
hydroxy-compounds do not invariably afford acetyl-derivatives by such 
treatment. 

The introduction of one of the bromine atoms which is contained in 
hydroxydibromocamphorsulphonic acid being due no doubt to the 
action of free or nascent bromine, which is produced by the decompo- 
sition of a portion of the bromocamphorsulphoniec acid, we tried the 
effect of adding some bromine to the solution during oxidation, but 
without obtaining any material increase in the quantity of the 
dibromo-compound, In order to prevent bromination from taking 
place, we also made experiments on the oxidation of the monobromo- 
acid in presence of silver nitrate, and in this way obtained a crystalline 
product, apparently a sulphon.. acid, which differed from the hydroxy- 
dibromosulphonic acid ; this substance has not yet been examined 
very carefully, as we were obliged to bring the investigation to a 
conclusion. 


Dibromocamphorsulpholactone, C,,)H,.Br,S0,. 


In the preparation of hydroxydibromocamphorsulphonic acid, we 
obtained, in the manner already described, small quantities of a 
Sparingly soluble substance which is very easily purified by crystallisa- 
tion from hot acetic acid ; a sample prepared in this way was dried at 
100° and analysed. 


0:1591 gave 0°1832 CO, and 0:0419 H,O ; C = 31:4, H = 2°9. 
0:1802 gave 0°1746 AgBr; Br = 41°3. 
C,,H,,Br,80, requires C = 30°9, H = 3:1, Br = 41-2 per cent. 


This substance must be regarded as a sulpholactone, and its 
relation to the hydroxydibromosulphonic acid has already been 
discussed. It is very sparingly soluble in hot water, but more 
readily in hot dilute nitric acid ; in both cases the solution on cooling 
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deposits the substance in ill-defined, scaly masses. It is sparingly 
soluble in cold alcohol, but dissolves readily in warm ethylic acetate 
and acetone ; its best solvent is rather dilute acetic acid, from which 
it separates on spontaneous evaporation in beautiful, translucent, 
orthorhombic plates or prisms. It melts at 188—189° without de- 
composing. 

Dibromocamphorsulpholactone is not appreciably affected by pro- 
longed boiling with a solution of sodium carbonate ; it is, however, 
somewhat rapidly dissolved by a boiling solution of potassium or 
bariuin hydroxide, being at the same time decomposed, since the 
solution, after acidification with nitric acid, gives an immediate 
precipitate of silver bromide. It is also gradually decomposed by 
boiling with alcohol, ethylic acetate, or acetone, as is evidenced by the 
pungent odour of the solutions. Strong nitric acid, on the other hand, 
has little, if any, effect on the lactone, and no evolution of nitrous 
fumes is noticeable when the solution is boiled ; the addition of silver 
nitrate, however, causes the precipitation of silver bromide, and 
oxidation then ensues immediately. 

In general properties, dibromocamphorsulpholactone resembles the 
sulpholactone which we recently obtained by evaporating a solution of 
B-chlorocamphenesulphonic acid (Trans., 1896, 69, 1564), and it is 
probable that the two compounds are somewhat closely related ; the 
camphor derivative, however, crystallises much the better of the two. 
The following is an account of its crystallographic properties, 


Crystalline system :—Orthorhombic. 
a:b:e¢ = 05635 : 1 : 0°6690. 
Forms observed 6 {010}, p {110}, g {011}, q’ {012}, o {212} 


Angle. measurements, Limits. 

010: 11 24 60° 19’— 60° 59’ 

110: 16 58 O— 58 56 

010: 24 55 54— 56 32 

011: 20 14 59— 15 22 f 15 17 
012: 12 36 57— 37 3 36 59°5 
010: 6 77 48— 77 59 77 +50 
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No. of 
Angle. _ measurements. Limits. Mean. Calculated. 

00 = 212: 212 4 2 1— 24 37 24 13 

go = 012 : 212 10 53— 58 4 57 58 

op = 212:110 49— 41 5 40 54 

py = 110: 012 56— 81 13 81 5 

pq = 110:01. 4— 74 30 74 19 

00 = 212: 212 50—102 6 101 53 

The plane (100) is the optic axial plane, the c-axis being the acute 
bisectrix. The double refraction is rather strong, and is positive in 
sign. The dispersion is moderate, the angle for violet being greater 
than that for red. 

The crystals are developed in two ways; they are sometimes flattened 
in the manner shown, but are frequently obtained shortened in the 
direction of the axis 6, and are then in the form of four-sided plates. 
As a rule, the forms p{110} and g'{012} are very bright, the rest being 
somewhat dull in comparison, though good images are obtained from 
all faces. The form o{212} is always partially absent, usually the two 
opposite faces only are preserved. 

Several attempts were made to prove the supposed chemical relation 
between the dibromosulpholactone and the hydroxydibromosulphonic 
acid by converting the latter into the former, and the effect of various 
dehydrating agents on the acid was studied; as already stated, acetyl 
chloride and acetic anhydride were found to be useless for this purpose, 
no appreciable quantity of crystalline matter insoluble in cold water 
being obtained; again, when the acid was strongly heated alone, it 
merely changed into a carbonaceous mass. As it seemed possible from 
these experiments that the lactone was derived from a stereoisomeric 
acid, we next sought to bring about isomeric change by heating the 
hydroxy-acid with hydrochloric acid at 280°; in this case, only slight 
charring occurred, and on evaporating the mixture to dryness and 
extracting the residue with cold water it yielded a small quantity of 
insoluble matter. The latter partly dissolved in acetic acid, and the 
soluble portion, by fractional crystallisation from acetic acid and 
alcohol alternately, was separated into two portions, one crystallising 
in plates, melting at 187—188° and having the appearance of the 
lactone, the other crystallising in beautiful, transparent prisms melting 
at 210—211°; the quantity of the latter, however, was so small that 
it could not be analysed. 

Another method of converting the hydroxy-acid into the lactone 
was accidentally discovered, but unfortunately it does not afford much 
clue to the true relationship between the two substances. As men- 
tioned above, when an aqueous solution of the acid is boiled with silver 
nitrate a portion of the bromine is eliminated as silver bromide; if, 
after precipitation appears to have ceased, the silver in solution is 
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precipitated with hydrochloric acid and the filtered solution evaporated 
to a syrup, the latter, when treated with water, affords a relatively 
small quantity of insoluble white flocculent matter—or of oil which 
rapidly crystallises. This product, after recrystallisation, melts at 
188—189° and has all the properties of dibromocamphorsulpholactone. 
The soluble portion, when again evaporated, yields a further quantity 
of the lactone, and these operations may be repeated several times, but 
with production of gradually diminishing quantities. What process 
has occurred here it is difficult to conceive ; it might appear that the 
lactone was formed from the acid by the withdrawal of hydrogen 
bromide but that the analysis proves the contrary. Evaporation of 
the acid with hydrochloric acid, with nitric acid, or with aqua regia 
does not cause the formation of any insoluble product, so that the 
above transformation is evidently determined by the presence of silver 


nitrate, and is possibly due to the formation of a silver salt of the 
sulphonic acid. 


Hydroxydibromocamphorsulphonic Bromide, C,,H,,Br,80,. 


In attempting to isolate crystalline substances from the syrups 
obtained on oxidising ammonium a-bromocamphorsulphonate with 


nitric acid of sp. gr. 1-4 (p. 17) the crude products were dried in an 
air oven and then triturated with successive small quantities of 
phosphorus pentabromide until action seemed to be at an end. The 
whole was then poured on to ice, the insoluble matter separated, and 
dissolved in a large quantity of chloroform, the solution being then 
filtered, washed with water, dried, and evaporated. The residue was 
obviously a mixture, but by fractional crystallisation from hot chloro- 
form and acetone a small quantity of a sulphonic bromide was finally 
obtained in beautiful hemihedral crystals. It was subsequently ascer- 
tained that the same substance is formed when hydroxydibromo-. 
camphorsulphonic acid is treated with phosphorus pentabromide in a 
similar manner, and a specimen, purified as described and dried at 
100°, was analysed with the following result. 


0'1468 gave 0°1505 AgBr and 0:0752 BaSO,; Br=52:°3 S=7'1. 
C,,H,,Br,80, requires Br = 51:2, S = 6°8 per cent. 

The method of formation and properties of this compound show that 
it isa sulphonic bromide, and the above analysis agrees fairly well 
with the above formula ; it is not impossible, however, that its compo- 
sition may be C,,H,,Br,S0,(Br = 53:2,8 = 7°1 per cent.), as the 
hydroxyl group of the hydroxy-acid might also be displaced by bromine 


under the above conditions, the product then losing the elements of 
hydrogen bromide. 
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This sulphonic bromide is scarcely soluble in chloroform, carbon 
tetrachloride, ethylic acetate, benzene or xylene, but is somewhat more 
soluble in ether and acetic acid; it dissolves rather readily in cold 
acetone, from which it is deposited in colourless, transparent, ortho- 
rhombic prisms which are described below. It melts and decomposes 
at 190—191°, and when heated at its melting point it evolves a 
sensible amount of sulphur dioxide, but the product does not appear to 
contain any crystalline matter. It is not appreciably decomposed by 
boiling with water or with a solution of sodium carbonate during a 
day ; it is, however, immediately decomposed by a boiling solution of 
potassium hydroxide and is gradually dissolved by strong ammonia. 

The following measurements were made with crystals deposited from 
cold acetone. 


Crystalline system :—Orthorhombic ; Sphenoidal Hemihedrism 
a: 6: ¢ = 0°8629: 1 :0°8372. 
Forms present. 


o =k {111} 


> 


ngle. No. of. Limits. ; Calculated. 
_ measurements, 

110 : 110 20 3’— 82° 15’ — 

110 : 110 9—99 4 98° 25’ 
111 : 110 26 — 38 46 _ 
111: 111 47 —104 36 104 4 
Til 3 231 21— 75 1 73 «#17 
111 3 111 j 0— 63 10 61 59 


Fic. 3. 


The crystals are colourless and take the form of modified tetrahedra 
or of stumpy prisms, extension along the c-axis taking place in the 
latter instance. The form p{110} is always completely represented 
and gives good images ; ox {111} is always present and gives rather 
poor reflections, whilst the complementary tetrahedron o’x {111} is only 
seldom represented and is usually very small, affording very fair 
images, 
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The crystals are extremely brittle and do not appear to have any 
definite cleavage ; optical examination could only be made by crushing 
the crystals on a microscope slide, when a few fragments were found 
showing a biaxial interference figure in convergent polarised light ; 
the axial angle is fairly large, whilst the double refraction is strong. 


CHEMICAL DEPARTMENT, 
CENTRAL TECHNICAL COLLEGE, 
CITY AND GUILDS oF LONDON INSTITUTE. 


Il.—The Explosion of Acetylene with less than its own 
volume of Oxygen. 


By Witi1Am Artuur Bone and JoHn CANNELL CaIn. 


INTRODUCTION. 


Durine the past three years, the authors have carefully studied the 
gaseous products formed when acetylene is exploded with less than its 
own volume of oxygen, a subject which up to the present has received 
very little attention. 

In 1892, Lean and Bone showed that when ethylene is exploded 
with less than its own volume of oxygen, the greater part of the 
hydrocarbon undergoes a partial combustion in accordance with the 


following equation 
C,H, + O, = 2CO + 2H, 


whilst some of the excess of ethylene is decomposed at the high tem- 
perature of the explosion, forming. methane and acetylene, together 
with a deposition of carbon, It seemed interesting to compare the 
explosion of acetylene with that of ethylene under similar conditions, 
in the first place because acetylene is a characteristic endothermic 
compound, and is readily decomposed by shock into its elements, with 
the evolution of much heat ; secondly because this hydrocarbon has 
played a prominent part in recent discussions on the subject of the 
luminosity of flame; and finally because acetylene may now be pre- 
pared on a commercial scale from calcium carbide, and will probably be 
extensively used as an illuminant. 

Acetylene differs from methane and ethylene by the readiness with 
which it explodes when mixed with comparatively small volumes of 
oxygen. Methane will not detonate unless it is fired with nearly its 
own volume of oxygen; Lean and Bone showed that ethylene must be 
mixed with about 65 per cent. of its own volume of oxygen before it 
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can be fired under ordinary conditions. On the other hand, a mixture 
of acetylene with from one-fifth to one-fourth its own volume of 
oxygen forms a mixture which when sparked explodes with the utmost 
violence; consequently the authors have been able to study the 
explosion of acetylene with from about 25 to 100 per cent. of its own 
volume of oxygen. The mixtures were exploded in a long leaden coil, 
at the atmospheric pressure, in a manner to be described in detail 
later ; the chemical changes occurring were, therefore, those of the 
explosion wave. 

The results of our work may be briefly stated as follows. 

1. When acetylene is exploded with less than its own volume of 
oxygen, carbon monoxide and hydrogen are finally obtained owing to 
the partial combustion of the acetylene in accordance with the equation 


C,H, + 0, = 200 + H, 


the cooled products of the explosion in the coil being under consider- 
able pressure. 

2. The excess of acetylene is for the greater part resolved into its 
elements by the shock of the explosion wave. A small quantity of 
acetylene (as much as | per cent. in some cases) is, however, found in 
the products of explosion. This may be due to acetylene which has 
escaped decomposition altogether, or possibly to a recombination of 
carbon and hydrogen in the rear of the explosion wave. The authors 
have not been able to detect the presence of any other unsaturated 
hydrocarbon in the products of explosion. 

3. Methane does not appear to be formed when acetylene is exploded 
with less than its own volume of oxygen, at any rate not in any appreci- 
able amount. The authors have very carefully investigated this point, 
and although some of their earlier experiments led them to suspect 
the presence of a small quantity of methane (some 0°5 per cent.) in 
the products of explosion, a more rigid examination has left no doubt 
in their minds that methane is absent. 

This is particularly interesting, seeing that when ethylene is ex- 
‘ploded with less than its own volume of oxygen, methane is produced, 
in certain cases to the extent of 6 per cent. of the whole products. 
The difference in the two cases is probably due to the fact that acety- 
lene is readily resolved into its elements by shock, whilst‘in the case 
of ethylene the excess of hydrocarbon which escapes combustion is 
subjected to a “ roasting”’ process, and thereby decomposed into carbon 
and methane. 

4, Small amounts of a gas absorbable by solid potassium hydroxide 
were invariably found in the products of explosion. This was in 
part, if not altogether, due to the presence of carbon dioxide, for when 
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the products of explosion were aspirated through a clear solution of 
baryta, a white precipitate of barium carbonate was formed. 

5. Carbon was deposited. This was shown by firing a small volume 
of each mixture in a short eudiometer made of very stout glass. In 
the case of mixtures containing acetylene mixed with less than three- 
quarters of its own volume of oxygen, a thick deposit of carbon formed, 
but where mixtures contained a larger proportion of oxygen much less 
carbon separated. 

EXPERIMENTAL, 
Preparation of the Mixtures. 

Preparation of Acetylene-—The acetylene used in these experiments 
was prepared by the decomposition of ethylene dibromide by an 
alcoholic solution of sodium ethoxide, as follows.* 

50 grams of sodium were dissolved in about 500 grams of alcohol 
(methylated spirits rectified by distillation over quicklime answers 
the purpose very well), and the solution introduced into the round- 
bottomed flask A (Fig. 1) (capacity =1 litre) which was immersed in 


Fie. 1. 


* This method for the preparation of acetylene was devised by V. Meyer and F. 
Marsden (Marsden, Znaug. Dissert., Heidelberg, 1892). 
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a water bath, and fitted with a long reversed condenser B and a tap 
funnel C. As soon as the contents of A were boiling vigorously, the 
ethylene dibromide was allowed to drop in gradually from C; it was 
then readily decomposed by the sodium ethoxide in A, acetylene and 
vinylic bromide being evolved. The volatile products of decomposition 
passed off through the condenser B, kept cool by a rapid stream of 
water, a considerable quantity of the vinylic bromide condensing and 
running back into A. The gas then passed through two cylindrical 
wash-bottles, D, each containing about 30 c.c. of alcohol, and surrounded 
by 2 mixture of ice and salt ; here a further quantity of vinylic bromide 
condensed. After leaving D, the gas passed into two Winchester pint 
bottles, E.E, about three-quarters filled with a freshly-prepared am- 
moniacal solution of cuprous chloride, where the acetylene was rapidly 
absorbed. At the conclusion of the experiment, the copper acetylide 
was allowed to settle, the supernatant ammoniacal liquor was poured 
off as completely as possible, and the copper compound washed by decan- 
tation with cold water; it was finally filtered and washed at the pump, 
and preserved for future use in a moist condition. 

The mixtures of acetylene and oxygen were made in a glass gas 
holder over mercury in the following manner. 

A quantity of moist copper acetylide capable of yielding about 13 


to 2 litres of acetylene was introduced into a strong round-bottomed 
flask A, Fig 2. Dilute hydrochloric acid was then dropped on to 


Fic. 2. 
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the paste from the tap funnel, B, and on gently warming the flask, a 
steady current of acetylene was evolved. ‘The gas passed through the 
washing cylinder, C, two-thirds full of a concentrated solution of potas- 
sium hydroxide, and then through a three-way tap, D, into the atmo- 
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sphere outside the laboratory. As soon as all air had been expelled from 
the apparatus, the gas was sent into the graduated glass gas holder, E 
(capacity = 1,800 c.c.), previously filled with mercury from the reservoir, 
F. The latter was so arranged that it could be gradually raised or 
lowered at will, so that the gas might be collected in E at as nearly 
as possible atmospheric pressure. When about a litre of acetylene 
had been collected, the tap, a, leading into the reservoir was shut, and 
the rest of the gas sent through D into the atmosphere. After about 
an hour, the levels of the mercury in E and F were equalised, and the 
volume of the gas in E read. 

Oxygen generated by heating pure potassium chlorate in a hard 
glass tube, and passing the gas evolved through a layer of cotton wool 
and then through a wash-bottle containing a strong solution of potas- 
sium hydroxide, was now added to the acetylene in E until a mixture 
of the desired composition was produced. The gases were allowed to 
stand for several hours in order that they might thoroughly mix, and 
then samples for analysis were collected over mercury. 

Explosion of the Mixtwres.—As mixtures of acetylene and oxygen 
explode with great violence, it was necessary to carry out the opera- 
tion in a leaden coil. The coil A, Fig. 3, 5 metres long and of an internal 
diameter of 13 mm. (capacity about 700 c.c.) was immersed in a bucket 
of cold water, a stout glass firing piece, B, being attached to the 
coil by means of Faraday cement. Each end of the coil was closed by 


Fic. 3. 
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strong steel taps, a, 6, and communication was made through } and 
a glass tail-tap, c, with a mercury manometer, C; the latter served to 
indicate, as will be afterwards shown, the pressure in the coil after an 
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explosion. By means of the tail-tap, c, a direct connection could be 
made with the outside atmosphere instead of with the manometer, so 
that the products of explosion could be readily drawn off for analysis. 
Before making an experiment, the coil was thoroughly tested to see if 
all the joints were tight, by exploding a mixture of coal gas and air in 
it. The inside of the coil was then thoroughly dried by boiling the water 
in the bucket, and blowing a good current of dried air through the coil 
for several hours. The water in A was then allowed to cool, or was 
syphoned off and replaced by cold water from the mains, the air 
current through the coil being maintained meanwhile. 

The mixture of acetylene and oxygen was introduced into the coil 
by attaching the gas holder to the end @ and raising the mercury 
reservoir ; then on opening the taps } and ¢ the air was expelled 
from the coil. After about a litre of the mixture had been passed 
into the coil, the exit gases from ¢ were found to be highly explosive, but 
another half-litre of gas was sent through the coil in order that there 
might be no doubt as to its being filled with a gaseous mixture of the 
same composition as that originally made in the gas holder; the tapa 
was then closed, and a few moments later the tap 6. Thus the coil 
was filled with gas at the ordinary atmospheric pressure. The tap c 
was then turned so as to bring the coil in connection with the 
manometer, and the mixture was fired by an electric spark at B. If 
the various joints had successfully resisted the shock of the explosion, 
the coil and its contents were allowed to stand for a quarter of an 
hour in order that they might cool down to the temperature of the 
surrounding water, and then, by opening the tap 6, connection with 
the manometer, C, was made, and the pressure of the gases in the coil 
read off; in every case, a considerable increase in pressure was 
observed. Finally samples of the products were drawn off through c 
and collected in tubes over mercury ; these samples were subsequently 
carefully analysed. The rest of the products were displaced by a 
current of air and sent through an ammoniacal solution of silver 
chloride. In every case a precipitate of silver acetylide, identified by 
‘the usual method, was obtained, showing that the products of explosion 
contained free acetylene. 

Analysis of the Gases.—The apparatus at our disposal for this part 
of our work was a modified form of the McLeod apparatus (described 
in Phil. Trans., 1884, Part II.). This consists of a eudiometer 
connected at its base by means of a gun-metal three-way tap with a 
barometer on the one hand, and a mercury reservoir on the other, the 
latter being so arranged that it could be raised or lowered as occasion 
required. Both eudiometer and barometer are water-jacketed, and by 
keeping a good stream of cold water direct from the mains running 
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through the jackets, the temperature in the apparatus could be kept 
quite constant throughout an analysis. The upper end of the eudio- 
meter is connected by means of a glass capillary tube with a laboratory 
vessel, standing in a trough over mercury, into which the gases are 
sent for purposes of absorption. 

Both eudiometer and laboratory vessel are closed by glass taps, and 
careful experiments showed that the amount of gas left in the 
capillary tube between these two taps after each absorption was 
sufficient to appreciably affect the result of an analysis. The authors, 
therefore, at the outset of their work carefully determined the amount 
of gas left in the capillary for varying amounts of gas treated in the 
laboratory vessel, and from their results were able to draw up a table 
of corrections to be applied in any case. This correction amounted to 
about 0°1 volume for every 50 volumes of gas treated in the labora- 
tory vessel, and the various numbers given in the sequel are readings 
so “corrected.” Before each analysis, the eudiometer was washed 
out, first with dilute sulphuric acid, and then several times with 
distilled water. The readings were made by artificial light, using a 
telescope fitted with cross-wires, and placed at a distance of 1°6 metres 
from the apparatus. 

The Original Miautwres.—After trying several methods for the 
analysis of a mixture of acetylene and oxygen, the authors finally 
adopted the following as by far the most satisfactory. 

A measured volume of the mixture under investigation was 
thoroughly mixed in the McLeod apparatus with from 10 to 12 
times its own volume of air, previously freed from carbon dioxide by 
standing over solid potassium hydroxide. The mixture was then 
exploded, when, if a large excess of air had been added, a thin pale 
flame travelled down the eudiometer without causing any appreciable 
shock, and was not accompanied by any liberation of carbon. The 
advantage of this method is that the percentage of acetylene present 
in the original mixture may be determined from two data, namely, 
(1) from the contraction, C, in volume which occurs on explosion (due 
to the water formed). (2) From the absorption, A, which occurs when 
the products of explosion are treated in the laboratory vessel with a 
solution of potassium hydroxide, as is readily seen from the equation 


C,H, + 240, = 200, + H,O 
—_ —oo— 


+ — 
¥ 


3 volumes on cooling become 2 volumes. 


Thus the acetylene = 3 C or } A. 
The residual gases were then allowed to stand over an alkaline 
solution of pyrogallol in the laboratory vessel for one hour, in order 
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that the excess of oxygen might be removed ; the residual nitrogen 
was then measured. Subtracting the amount of nitrogen present in 
the air added in the earlier part of the analysis, the amount of nitrogen 
in the original mixture could be determined. Having thus estimated 
the acetylene and nitrogen, the oxygen was determined by difference. 

The Products of Explosion.—The products of explosion always con- 
tained small amounts of carbon dioxide, and of acetylene, possibly also 
some other unsaturated hydrocarbon *—the main constituents were, 
however, carbon monoxide and hydrogen. 

In order to determine the amounts of carbon dioxide and of acety- 
lene present in the products, a large measured volume of the gases 
was brought into contact with a ball of solid potassium hydroxide in 
the laboratory vessel of the McLeod apparatus. After the volume 
had been again measured, the gases were exposed in the laboratory 
vessel to a layer of pyrosulphuric acid for half an hour, in order that 
all acetylene or other unsaturated hydrocarbon might be removed, 
then washed with a potassium hydroxide solution, and remeasured. 

For the further analysis of the products of explosion, a small 
measured volume of the gases, from which the carbon dioxide and 
acetylene had been removed in the manner already described, was 
mixed with an excess of air free from carbon dioxide, and exploded 
in the eudiometer of the McLeod apparatus. 

The contraction in volume, C, was determined, after which the gases 
were treated with a solution of potassium hydroxide in the laboratory 
vessel, and the absorption, A, estimated. The residual gas was then 
left in contact with an alkaline solution of pyrogallol for upwards of 
an hour, after which the volume of the residual nitrogen was read. 


Mixture A. 


This contained 100 volumes of acetylene to 29 volumes of oxygen. 
On exploding the mixture in the leaden coil in the manner described, 
an increase in pressure of 260 mm. was observed, the barometer being 
at 754 mm., and temperature of the water in the bucket, 15°. A large 
quantity of carbon was deposited during the explosion. 


Analysis of the Original Mixture. 


Volume of mixture taken 
Volume of air added 


* The authors wish to state that in the case of two mixtures the amount of 
acetylene present in the products was estimated by a gravimetric as well as by the 
usual volumetric method ; the results agreed well, and therefore the presence of 
another unsaturated hydrocarbon i is rather a remote possibility. 

VOL, LXXI. D 
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Residual nitrogen, after absorption of 
excess of oxygen by alkaline pyrogallol 
Nitrogen present in air added 
.*. Nitrogen originally present in mixture... 1°3 7.e.,2 0°/, 


\ Mean 47°57 


Calculated from C, Acetylene = 71°3 x 3=47°53 
” A, ” = 95°2 x 4 = 47°60 


Taking the oxygen by difference we arrive at the following 
percentage composition of the mixture. 
Acetylene. Oxygen. Nitrogen. 
76:0 22°0 2°0 
Leaving the nitrogen out of the question, this corresponds to a 
mixture of 100 volumes of acetylene with, as nearly as possible, 29 
volumes of oxygen. 


Analysis of the Products of Explosion. 
a. Determination of the carbon dioxide, acetylene, kc. 


Volume of gas taken 

Absorption by solid KOH 

Absorption on treatment with pyrosulphuric 
acid and KOH 


Hence carbon dioxide = 0:25, and acetylene, &c. = 0°56 per cent. 

b. Analysis of the Residual Gases after removal of carbon dioxide, 
acetylene, &c.—Three analyses were made, the first two with gas 
from the same sample tube, and the third with gas from a second 
tube; the last gave a slightly different result from the other two. 
In the following table we shall state the volume of the gas taken for 
each analysis, but in order that the results of the three may be readily 
compared at a glance, we shall state the contraction in explosion, C, 
and the absorption by potassium hydroxide after explosion, A, in 
volumes per 100 volumes of the original gases—terming these 
numbers percentage contraction and absorption respectively. 


II. III. 


Volume of gas taken 

Volume of air added 
Percentage C 
Percentage A ......... 

Percentage nitrogen found 
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Calculating from the above results, we shall see that there is no 
sign of the presence of any saturated hydrocarbon, such as methane, 
for instance, in these gases. For if = volume of hydrogen present, 
and y = volume of carbon monoxide, 


Then 32/2 + y/2 = 104-40 
and y = 44:27 
Solving these equations we get x = 54°85. 
Therefore the residual gases contain 


H,. co. N.. Total. 
54°85 44°27 1:16 100-28. 

Now if methane or any other unsaturated hydrocarbon had been 
present in fair quantity, say 1 per cent., and we had calculated from 
the above figures on the hypothesis that only hydrogen, carbon 
monoxide, and nitrogen were there, our figures would have totalled up 
to much more than 100. Asa matter of fact they sum np to 100°28, 
and this excess of 0°28 is no doubt due to error of experiment, prob- 
ably in the estimation of the nitrogen, which is very apt to come a 
little high in an analysis of this kind. 

If we include now the whole of the results for the analysis of the 
products of explosion we obtain the following numbers. 


CO. CH H,. co. N.. Total. 
0°25 0:56 54°42 43°90 1°15 100°28 


Mixture B. 

This contained 100 volumes of acetylene to 324 volumes of oxygen, 
so that the two gases were mixed in the ratio of nearly 3:1 by 
volume. On exploding the mixture in the leaden coil, a very slight 
leakage at one of the joints was observed, caused, no doubt, by the 
violence of the explosion. This leak was at once repaired, and as the 
manometer still indicated an increase in pressure of nearly 150 m.m., 
the mishap did not vitiate the experiment so far as the analysis of the 
products of explosion was concerned. A large quantity of carbon 
was deposited during the explosion. 


Analysis of the Original Mixture. 


Volume of mixture taken 
Volume of air added 


Residual nitrogen after absorption of ex- 


cess of oxygen by means of alkaline 
pyrogallol 
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Nitrogen present in air added 
Nitrogen originally present in mixture ... 1°10 = 2:24°/, 


} Mean 36°16 


Calculated from C, Acetylene = 54°5 x 2 = 36:33 
Calculated from A, Acetylene = 72°0 x 4 = 36°00 


Taking the oxygen by difference, we get the following for the per- 
centage composition of the mixture, 


Acetylene. Oxygen. Nitrogen. 
73°65 24°11 2°24 


Leaving the nitrogen out of the question, this corresponds as nearly as 
possible to a mixture of 100 volumes of acetylene with 324 volumes of 
oxygen. 


Analysis of the Products of Explosion. 
a. Determination of carbon diowide, acetylene, ke. 


Volume of gas taken 
Absorption by solid KOH 
Absorption by pyrosulphuric acid and KOH.. 15 


Thus carbon dioxide = 1°49 per cent., and acetylene = 0°93 per cent. 
b. Analysis of the Residual Gases after removal of carbon dioxide, 
acetylene. —Two analyses were made of these residual gases, with the 
following results, which agree very closely. 
I. II. Mean. 
Volume of gas taken .... 73°70 103°35 — 
Volume of air added .... 296°80 349°05 — 
Percentage C ‘ 99°47 99°26 
Percentage A . 49°35 49°57 
Percentage Nitrogen ... ‘ 1:00 1:01 


Calculating from these, if « = percentage of hydrogen and y = per- 
centage of carbon monoxide, we have 
32/2 + y/2 = 99°26 
y = 49°57 
from which « = 49°65 and y = 49°57. 
That is, the residual gas contains 
H,. co. N,. Total. 
49°65 49°57 101 100°23 
which shows that no methane or other hydrocarbon of the series C,H», 72 
is present. 
From the foregoing analysis we have calculated the percentage 
composition of the products of explosion to be as follows. 


CO, CH. Hy Co. N,. Total. 
1°49 0°93 48°45 48°83 0:98 100°23 
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Mixture C. 


This contained 100 volumes of acetylene to 55 volumes of oxygen. 
After exploding the mixture in the leaden coil an increase in pressure 
of nearly 300 mm. was observed. The barometer stood 752 mm. and 
the temperature of the water surrounding the coil was 15°. 

Analysis of the Original Mixture.—Two analyses were made with the 
following results. 


Il. 
Volume of gas taken 59-00 
Volume of air added 719-30 
55°20 
74:30 
Percentage of nitrogen found... 3°00 


From these numbers we get 


II, Mean, 
} 62-60 


I. 
Percentage of acetylene from C... 62°65 62°40 
Percentage of acetylene from A... 62°38 62°95 


Taking the oxygen by difference, we get the percentage composition 
of the mixture. 
Acetylene. Oxygen. Nitrogen. 
62°60 34°40 3°00 
This corresponds to a mixture of 100 volumes of acetylene with 
nearly 55 volumes of oxygen. 


Analysis of the Products of Explosion. 


a. Determination of carbon dioxide, acetylene—Two analyses were 
made with the following results. 


I, II, 
Volume of gas taken 175°9 175°8 
Percentage of carbon dioxide ... 0°51 0:56 
Percentage of acetylene 1-08 1:20 


We may therefore say that the products of explosion contained as 
nearly as possible 05 per cent. of carbon dioxide, and 1°15 per cent. of 
acetylene. 

b. Analysis of the Residual Gases after removal of carbon dioxide 
and acetylene.—Three analyses were made with the following results. 


Mean. 


Volume of gas taken 
Volume of air added 
Percentage C 
Percentage A 


38 BONE AND CAIN: THE EXPLOSION OF ACETYLENE 


Calculating in the same manner as in previous experiments, 
we get for the percentage composition of the residual gases the 
following. 

“ co. N,. Total. 

43°07 55°19 2°15 100-41 

and the percentage composition of the products of explosion 
CO,. C,H. H,. co. N,. Total. 
0°50 115 42:37 5429 2:10 100°41 


Mixture D. 


This contained 100 volumes of acetylene to 81:5 volumes of oxygen. 
On exploding the mixture in the coil, an increase in pressure of nearly 
350 mm. was observed, the barometer standing at 769 mm.; the 
temperature of the water surrounding the coil was 16°. 

The mixture was analysed with the following results. 


Volume of mixture taken 
Volume of air added 


Calculated from C, Acetylene 34:07 
Calculated from A, Acetylene 33°90 


33°98 or 54:0 per cent. 


The nitrogen was determined in a separate experiment, and was 
found to be 2 per cent. Taking the oxygen by difference, we arrive 
at the following percentage composition of the mixture. 


Acetylene. Oxygen. Nitrogen. 
54:0 44:0 2°0 


and leaving the nitrogen out of the calculation, this corresponds with 
100 volumes acetylene to 81°5 volumes oxygen. 


Analysis of the Products of Ezplosion. 
a. Determination of the carbon dioxide and acetylene. 
Volume of gas taken 
Absorption by solid KOH 
Absorption by pyrosulphuric acid and KOH 0°20 
This gives us as nearly as possible 0°90 per cent. of carbon dioxide 
and 0:1 per cent. of acetylene. 
b. Analysis of the Residual Gases after removal of carbon diowide 
and acetylene.—Two analyses were made with the following results, 
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I, II. Mean. 

Volume of gas taken 103-90 --- 

Volume of air added 408-00 — 
Percentage C 80°27 80°56 
Percentage A ; 67:19 67:14 

Percentage of nitrogen found 1:25 ~- 

Calculating from the above results, we obtain the following per 
centage composition of the products of explosion. 


CO, C,H. Hy co. N.. Total. 
0:90 0°10 31°01 66°47 1°25 99°73 


Mixture £. 


This contained 100 volumes of acetylene to as nearly as possible 95 
volumes of oxygen. On exploding this mixture in the coil, an increase 
in pressure of about 370 mm. was observed, the barometer being at 
766 mm., and the temperature of the water in the bucket 12°. 

Analysis of the Original Mixture. 

Volume of gas taken 
Volume of air added 


From these results, we obtain 

calculated from C 37°5 ) Mean 37°8, 
calculated from A 38:2 | or 50 per cent. 
Nitrogen = 1°35 or 1:80 per cent. 


Acetylene { 


Taking oxygen by difference, we get 


Acetylene. Oxygen. Nitrogen. 
50:00 48:20 1:80 


Analysis of the Products of Explosion. 


a. Determination of the carbon dioxide and acetylene.—These gases 
were present in very small amounts, and accordingly three determina- 
tions were made as follows. 


Gas taken 

Absorption by solid KOH 

Absorption by Pyrosulphuric Acid and 
KOH. 
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From these numbers we calculate that the gases contained 0°37 
per cent. of carbon dioxide, and approximately 0:1 per cent. of 
acetylene. 

b. Analysis of the Residual Gases after removal of carbon dioxide 
and acetylene —Three analyses were made as follows. 


| 
) vo 


Volume of gas taken . ‘ 119°75 134°6 

Volume of air added ‘ 441°20 444°3 
Percentage C ; 80°84 80°00 80°55 
Percentage A ' 68°37 68°34 68°30 

Percentage nitrogen found f 0°84} 0°85 0°82 


Calculating from the above results, we get the following per- 
centage composition of the products of explosion. 


CO, C,H. He co. N.. Total. 
0°37 0:10 30°78 67°98 0°82 100°05 


We may tabulate the results of our experiments as follows. 


No. of Mixture. | A. | B. C. D. E. 


Ratio Acetylene : Oxygen in| 100:29 100 :32°5| 100 :55 100 : 81°5 | 100 : 95 
mixture exploded. | | 


Increase in pressure on explo-| 260 mm. — | 300 mm. | 350 mm. | 370 mm. 
; | 
sion. | 


| 
| 
| 


Carbon dioxide ... 4 1°49 0°50 

Acetylene : 0°93 115 
| Hydrogen............| 54° 48°46 42°36 
| Carbon monoxide...) 43° 48°38 54°28 
| Nitrogen : 0°98 2°10 25 | 0°82 
| | 


Percentage 
composition of 
products of 
xplosion. 


e 


| | 
100°24 | 100-39 ‘73 | 100°05 


Whilst it follows from the above results that the main reaction 
occurring when acetylene is exploded with less than its own volume of 
oxygen may be expressed by an equation such as one of the following, 

C,H, + 0, = 200 + H, 
2C,H, + O, = 2CO + 2H, + 2C 
3C,H, + O, = 2CO + 3H, + 4C, 
it must be admitted that some steam is also produced; this is 
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evident from the fact that the ratio of the hydrogen to the carbon 
monoxide in the products is always /ess than the above equations 
require. Moreover, it would be very difficult to account for the 
presence of carbon dioxide in the products, were no steam produced. 


OweENs COLLEGE, 
MANCHESTER. 


IIl.—The Direct Union of Carbon and Hydrogen. 


By Witt1am ArTHUR Bone and Davip SmILes JERDAN. 


INTRODUCTION. 


Axout thirty years ago, Berthelot investigated the action of hydrogen 
on carbon at high temperatures, and, as is well known, obtained 
acetylene by the direct union of its elements at the temperature of 
the electric arc. His experiments may be briefly summarised as 
follows. ) 

(1) He heated retort carbon, contained in a porcelain tube, in a 
current of hydrogen to such a temperature that the tube softened ; 
(2) he passed a series of electric sparks between carbon poles in an 
atmosphere of hydrogen ; and (3) he formed the electric arc in an 
atmosphere of hydrogen between carbon terminals. 

The first two experiments, according to Berthelot, gave no positive 
result, whilst in the third experiment acetylene was formed. 

Berthelot, however, seems only to have examined the products of 
the action of hydrogen on carbon in the foregoing experiments qualita- 
tively; moreover, he did not look for any other hydrocarbon except acety- 
lene, for a reason which he himself expresses as follows :— Quant a 
Vhydrogéne, toutes ses combinaisons avec le carbon, extraites jusque 
la de produits organiques se detruisaient précisément sous l’influence 
d’une temperature rouge ; il semblait dés lors chimérique de chercher 
les former directement ” (Ann. Chim. Phys., 1863, [3], 67,52). During 
the past two years, the authors have reinvestigated the whole question, 
and at an early period in their work satisfied themselves that Berthelot’s 
brilliant, pioneering researches leave much to be still worked out. 

The authors’ experiments may be conveniently divided into two 
series, as follows:—(1) In which a current of hydrogen was passed 
over carefully purified sugar-charcoal contained in a porcelain tube 
heated to about 1200° in a Fletcher furnace, in such a way that it was 
completely protected from the furnace gases. An examination of the 
exit gas showed that whereas it contained no acetylene or other un- 


42 BONE AND JERDAN: 


saturated hydrocarbon, about 1 per cent. of a saturated hydrocarbon, 
most probably methane, was invariably present. (2) In which the 


electric are was passed between terminals of purified carbon in an oe 
atmosphere of hydrogen, the apparatus being so arranged that samples 
of the gas could be drawn off for analysis at regular intervals. The I 
products were found to contain both methane and acetylene. Experi- of | 
ments in which the are was active for about two hours, and in which hea 
samples of the gas were drawn off from time to time and analysed, a ¢ 
indicated a somewhat rapid formation of methane and acetylene during 
the first half hour, after which, however, the amounts of the gases 
seemed gradually to approach a limit, which was found to vary slightly 
with the voltage at the terminals, and possibly with other conditions. | 
The establishment of this equilibrium between hydrogen, acetylene th 
and methane is of considerable interest, and the authors were led to us 
form the are under similar conditions in an atmosphere of methane or th 
acetylene. It was expected, from the results obtained with hydrogen, 
that the greater part of the methane or acetylene would be readily ha 
resolved into its elements, but that, on the continued passage of lf 
the arc, an equilibrium between hydrogen, methane, and acetylene, la 
similar to that obtained in the experiment with hydrogen, would be a 
established ; this expectation was fully borne out by the experimental je 
results. r 
Berthelot (Compt. rend., 1868, 67) does indeed mention the establish- e 
ment of a similar equilibrium when electric sparks are passed through 
methane, but he calls it an equilibrium between acetylene, hydrogen, and t 


carbon vapour, and expressly states that no other hydrocarbon, except 
perhaps the polymerides of acetylene, takes part in the equilibrium. 

The results of the present investigation may be briefly stated as 
follows. 

1, At a temperature of 1200°, or thereabouts, carbon unites directly 
with hydrogen to form methane, no acetylene or other unsaturated 
hydrocarbon being formed at this temperature, 

2. When the electric arc is passed between carbon terminals in an ; 
atmosphere of hydrogen, methane and acetylene are both formed ; on 
continuing the passage of the arc, a state of equilibrium between 
hydrogen, methane, and acetylene is finally established. 

3. The same state of equilibrium is produced when the electric arc 
is passed in an atmosphere of either methane or acetylene under 
similar conditions. 


It may be stated that all gas analyses in connection with this work 
were carried out by means of a modified form of McLeod’s gas-analysis 
apparatus, kindly placed at our disposal by Professor Dixon. 
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Part I. 


EXPERIMENTS ON THE COMBINATION OF CARBON AND HYDROGEN AT A 
TEMPERATURE OF ABOUT 1200°. 


In the first series of their experiments, the authors passed a current 
of hydrogen over purified carbon enclosed in a porcelain tube, and 
heated to bright redness in a Fletcher injector furnace by means of 
a coal-gas air blowpipe. 


Experiments on the Diffusion of Gases through Porcelain at high 
Temperature. 

Before making the actual experiments with carbon, the authors 
thought it necessary to find to what extent the porcelain tubes to be 
used were permeable to the furnace gases at the high temperatures of 
the subsequent experiments. This was done as follows. 

A tube of the best Berlin porcelain, glazed within and without, 
having an internal diameter of 12 mm. and an external diameter of 
16 mm., was placed in the Fletcher furnace in a manner to be described 
later. A glass tap was fitted into each end of the tube by means of . 
arubber stopper, the tube itself being of such a length that it pro- 
jected a sufficient distance on either side of the furnace to prevent the 
rubber stopper being appreciably heated during the course of an 
experiment. 

Experiment I.—A slow current of air which had been passed 
through a concentrated solution of potassium hydroxide and after- 
wards through sulphuric acid, in order to remove carbon dioxide and 
water vapour respectively, was sent through the porcelain tube heated 
tobright redness in the Fletcher furnace,and samples of the issuing gases 
were collected over mercury. Since any carbon compound diffusing 
through the walls of the tube would be converted into carbon dioxide 
under the conditions of experiment, if indeed it had not entered as such, 
it was only necessary to estimate the contraction which occurred when a 
measured volume of the exit gases was treated with a solution of 
potassium hydroxide in the McLeod apparatus, in order to determine 
the amount of such diffusion in terms of carbon dioxide; in this way 
it was found that 334 volumes of the issuing gases underwent a 
contraction of 0°3 volume. 

This result pointed to a slight diffusion of furnace gases through 
the heated porcelain. In order to confirm this conclusion, the authors 
repeated the experiment with the difference that the air was enclosed 
and heated in the porcelain tube for an hour, and was then expelled 
and collected over mercury. 703 volumes of this air gave an absorp- 
tion of 3:5 volumes. 
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Experiment II.—A slow current of hydrogen, free from all gaseous 

carbon compounds, was dried by sulphuric acid and was then passed 
through the porcelain tube. After the air in the tube had been 
expelled, the furnace was gradually heated to bright redness, and as 
soon as the maximum temperature was attained the tap at each end 
of the tube was shut, and the hydrogen thus enclosed was kept at 
a bright red heat for 5} hours. The gas was finally expelled by a 
current of the same hydrogen, and collected over mercury. 

102°1 volumes of this gas were mixed in the McLeod apparatus with 
385°2 volumes of air free from carbon dioxide, and exploded ; when 
336°8 volumes of gas remained, which on treatment with potassium 
hydroxide solution were further reduced to 336°5 volumes. Thus after 
explosion 0°3 volume of carbon dioxide was found in the residual gas. 
Since the original hydrogen on being exploded with a large excess of 
air free from carbon dioxide was not reduced in volume after treatment 
with potassium hydroxide solution, it is evident that carbon com- 
pounds had diffused through the walls of the tube during the heating. 

Experiment III.—A supply of nitrogen was made by Harcourt’s 
ammonia-air method and stored over water in a gas-holder. A slow 
current of this gas was passed successively through concentrated potas- 
sium hydroxide solution, over a heated copper spiral, through sulphuric 
acid, and finally through the porcelain tube heated to redness; by 
these means, any carbon dioxide, oxygen, or water vapour present in 
the gas would be removed before it entered the tube. After the 
current had been passed long enough to expel all the air from the 
tube, the taps were shut and the enclosed nitrogen was heated for an 
hour ; finally the gas was expelled by a current of nitrogen and 
collected over mercury. 

380°0 volumes of this nitrogen on standing in the McLeod apparatus 
over potassium hydroxide solution were reduced to 379°4 volumes. 
The residual gas was further treated with a solution of cuprous 
chloride in hydrochloric acid to absorb carbon monoxide, and was then 
washed with potassium hydroxide solution, but no further reduction 
in volume was observed. 

This result confirms those of the previous experiments, and further 
shows that the gaseous carbon compounds diffusing through the tube 
consist chiefly of carbon dioxide. 

Experiment IV.—The amount of water vapour from the furnace gases 
diffusing through the porcelain tube was estimated as follows. 

A slow current of air was passed successively through potassium 
hydroxide solution and sulphuric acid, and over a layer of calcium 
chloride, so as to remove carbon dioxide and water, and then through the 
porcelain tube heated to bright redness, The issuing gases were 
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passed through a weighed calcium chloride tube, protected from the 
outer atmosphere by a wash-bottle containing sulphuric acid. The 
current of air was passed through the heated tube at a constant rate 
of 2 litres per hour, and at the end of 1} hours the calcium chloride 
tube had increased in weight by 7 milligrams. The calcium chloride 
tube was again attached, and after 3 hours, during which 5 litres of 
air were passed through the apparatus, it had increased in weight by 
105 milligrams. The authors have calculated from the above results 
that the percentage of water vapour in the issuing air was 0°30 per 
cent. in the first case, and 0:26 per cent. in the second. 

As it was thus evident that the porcelain tubes to be used in the 
experiments were to a certain extent porous to the furnace gases at 
a bright red heat, it was decided to avoid heating the tubes in direct 
contact with the furnace gases. This was accomplished, as will be 
more fully described later, by surrounding the tube containing the 
carbon by a wide porcelain tube, and passing a current of dry 
hydrogen through the annular space thus formed between the two 
tubes, an arrangement which proved to be thoroughly satisfactory. 


Prepwration and Purification of the Carbon. 


Pure cane sugar was carbonised by heating it it in a nickel crucible 


over a Bunsen flame. The residue was transferred to a platinum 
crucible and strongly ignited over a blowpipe, the charcoal thus 
obtained being then placed in a combustion tube and heated to redness 
in a furnace, while a current of dry chlorine was passed over it for 
7 hours. The charcoal was next washed with hot distilled water to 
remove the greater part of the chlorine, drained by means of the filter 
pump, and dried at 100°. It was then heated in a combustion tube 
in a current of dry hydrogen for about 40 hours, until no more hydro- 
gen chloride was evolved, and was afterwards transferred to a short 
hard glass tube, one end of which had been sealed off. The other end 
of this tube was drawn out, and attached to a Sprengel pump, the air 
thoroughly exhausted, and the tube then strongly heated in a small 
furnace for several hours, the exhaustion being continued meanwhile. 
The carbon thus prepared was kept in an exhausted desiccator over 
phosphoric anhydride for several months, and was afterwards used as 
required. 
Preparation of the Hydrogen. 


The hydrogen used in these experiments was prepared by the action 
of pure dilute sulphuric acid on redistilled zinc free from arsenic. 
The gas evolved, after being passed first through a solution of lead 
acetate, and then through two Erlenmeyer flasks containing a strongly 
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alkaline solution of potassium permanganate maintained at a tempera- © 
ture of 60°, in order to oxidise and remove hydrocarbons, was 
collected in large glass gas-holders over water. Before being passed 
over the heated carbon in subsequent experiments, the gas in the 
holders was sent through potassium hydroxide solution, sulphuric 
acid, then over a heated copper spiral, and finally through wash- 
bottles containing potassium hydroxide solution, and sulphuric acid, 
respectively. The hydrogen thus purified from carbon dioxide, and 
traces of oxygen and moisture, was found on analysis to be practi- | 
cally free from carbon compounds. E 
The authors have analysed many such samples of hydrogen, pre- | 

pared at different times during the course of their work, by exploding | 
a measured volume of the gas with an excess of air in the McLeod — 
apparatus, and measuring (1) the contraction, C, on explosion, and | 
(2) the absorption, A, caused by potassium hydroxide solution in the | 
residual gas. The following results are selected at random from a | 
large number of such analyses, and will serve to show the average © 
percentage composition of the hydrogen employed in the experiments. 


Hydrogen, C x 3 '98°6 99°2 98-8 98-9|99-4! 99-7 98°5/98-7199-1198 9) 99° 
Absorption by KOH,A.| 0°2) nil. | nil. | nil. 0-1) nil. | nil. | 0-2! nil. | nil. | 0° 
1*1] — | 0°83) 1:5) — 


eee | — | 0-8 “* 


It will thus be seen that the hydrogen often contained no appreci- 
able amount of carbon compounds, although in some cases traces 
were noticeable, but in no instance was hydrogen used in an experi- 
ment which, after explosion, gave an absorption, A, exceeding 02 per 
cent. 

Description of Apparatus. 


The arrangement of the furnace and the porcelain tubes in which 
the carbon was heated in a current of hydrogen, is shown in the 
accompanying diagrams, Figs. 1, 2, and 4, and may be described as 
follows. The inner porcelain tube, A, Figs. 1 and 2, was of Berlin 


* Nitrogen is only taken by difference when no carbon compounds are present. 
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porcelain, glazed within and without, and was drawn out at either end 
as shown at C. The total length of A was 60 cm., its internal 
diameter was 12 mm., and its external diameter 16 mm. This tube 
was fitted within a wider tube, B, also of glazed porcelain. The total 
length of B was 48 cm., its internal diameter 20 mm., and its external 
diameter 26 mm. The tubes were kept in position by two brass 
joints, one of which is shown in section in Fig. 2, in such a way that 
the two tubes had a common axis. D is a brass ferrule provided 
with two stuffing-boxes, EE and FF, Fig. 2, corresponding in diameter to 
the tubes Band A respectively. The stuffing-boxes were packed with a 


Fig. 2 


——Y/V eh oY, 
Witt 


GF" 


composition of asbestos and lime moistened with a strong solution of 
sodium silicate, which, when the collars were placed in position and 
the caps screwed down, gradually became solid, and made a good gas- 
tight joint. The ferrule, D, was bored at the point G, so as to admit 
of the insertion of the brass side piece, H, which served for the 
passage of the hydrogen through the jacket. 

- The furnace, Fig. 4 (next page), employed for heating the porcelain 
tubes was rectangular in shape, and was made of fire-clay. Its length 
was 30°5 cm., breadth 24.cm., and depth 7 cm. The furnace was bored at 
each side for the insertion of the porcelain tubes, and also in front for 
the introduction of the blowpipe. The furnace had a circular fire-clay 
cover, bored obliquely so as to allow the furnace gases to escape. 

In setting up the apparatus, the inner porcelain tube, A, was wrapped 
round spirally with asbestos string, so that each turn of the string 
was about 2 cm. apart from the previous turn, and was then inserted 
into the wider tube, B. In this way the two tubes could be accurately 
centred, and kept apart when subsequently heated, while at the same 
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time a current of gas could be passed without difficulty through the 
annular space between them. The two tubes were then placed in 
position in the furnace, after which the brass joints were fitted on and 
packed with the composition of asbestos, lime, and sodium silicate as 
already described. A current of dry air was then passed through the 
jacket between the tubes for about two days, in order that the joints 
might be thoroughly dried. In this way a perfectly gas-tight joint 
was obtained. 

This arrangement of two concentric porcelain tubes was adopted in 
order to avoid heating the tube containing the carbon, in direct contact 
with the furnace gases, by surrounding it with a jacket of hydrogen. 


To this intent the current of hydrogen, purified as already described 


(p. 45), was divided into two at K, Fig. 1, one part passing through 
the tap L, and the other joint M into the inner tube, A, and the other 
part passing by the branch N, through the jacket between the tubes, 


Fic. 4. 


| 

', 

am! 
a 
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and making its exit through H’ whence, after passing through a wash- 
bottle containing sulphuric acid, it escaped into the atmosphere. The 
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other end of the inner tube was connected by means of a joint, P, with 
a U-tube terminating in a tap, Q, by means of which connection could 
be made with a Schiff’s nitrometer containing mercury, which served 
to collect the gases from the inner tube. 

The tap, L, was a three-way tail-tap, so that samples of the hydrogen 
entering the inner tube could be conveniently drawn off during the 
course of an experiment. The connections, M and P, were made by 
sliding a short length of wider glass tubing over the ends of the 
porcelain and glass tubes to be connected, and securing the joint by 
means of thick rubber pump-tubing, Fig. 3. In this way, the hydrogen 
was prevented from coming in contact with a rubber surface in the 
near neighbourhood of the furnace. 

The complete arrangement of furnace and tubes is shown in 
Fig. 4. 


Description of the Experiments. 


Blank Eaperiment.—The first experiment performed with the ap- 
paratus just described was intended to test whether or not any diffusion 
into the inner tube was now possible. 

A current of purified dry hydrogen was passed through the tubes for 
6 hours in order to displace allthe air. The furnace was then lighted, 
and the tubes gradually raised to a bright red heat. The taps, L and Q, 


were closed and the hydrogen thus shut up in the inner tube, A, was 
maintained at this temperature for about 3 hours, during which 
time a current of the same hydrogen was passed through the jacket 
between A and B. The hydrogen in the inner tube was then drawn off 
and collected in the nitrometer for analysis. In the meantime, a 
sample of the hydrogen entering the tube had been collected through 
the tail-tap, L, and the two samples were then analysed by the method 
described on page 46. 

The gas which was drawn off at L, after explosion in the eudiometer 
with excess of air free from carbon dioxide, gave an absorption of 
0:10 per cent on treatment with potassium hydroxide solution ; whilst 
the gas which had been heated for three hours in the inner tube, when 
treated in the same way, gave an absorption of 0°15 per cent. 

On repeating this experiment a similar result was obtained. Thus 
the arrangement of the tubes prevents any appreciable diffusion of 
furnace gases into the inner tube even on prolonged heating. 

Actual Experiments.—Many experiments,in which the purified carbon 
was heated in the tube A in a current of hydrogen were performed, 
the method of procedure being as follows. 

The purified carbon, which had been kept in a desiccator in a 
vacuum over phosphoric anhydride, was as rapidly as possible trans- 

VOL, LXXI. . 
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ferred to the inner tube, A. The apparatus was then put together and 
a current of dry hydrogen passed through the whole for several days 
in order to sweep out all the air; the tubes were then gradually 
heated to bright redness, the current of hydrogen through A and 
through the jacket between A and B being maintained meanwhile. 
The heating was continued for 6 to 8 hours, after which samples of the 
exit gas from A were collected for analysis; samples of the 
gas entering the tube were also collected at L. The same carbon was 
used for several experiments, and was not changed until it became 
necessary to take the apparatus to pieces and refit it. 

The authors generally found that the gases which had passed over 
the heated carbon contained small amounts of carbon monoxide. At 
first they were inclined to attribute this to a small inleakage of air ; 
but on investigating the matter they found the suspicion to be ground- 
less, because the gas entering the tube was found to be free from 
oxygen, and contained practically the same proportion of nitrogen as 
the exit gas. The authors finally concluded that the carbon monoxide 
was due in part to small amounts of oxygen or moisture occluded in 
the pores of the carbon used, and in part also to a possible slight 
reduction of the glaze of the inner porcelain tube in the presence of 
hydrogen and carbon at a high temperature. The latter supposition 
was based on the appearance of the inner tube after it had been used 
for a long series of experiments ; although the outer surface of that 
part of the inner tube which had been strongly heated was coloured 
black the glaze appeared intact, whilst on the inner surface of the 
tube the glaze appeared to have been considerably disintegrated. 

The analysis of the gases obtained in these experiments was 
performed as follows. 

In a few of the early experiments, the gaseous products were specially 
tested for carbon dioxide, and unsaturated hydrocarbons generally, by 
exposing a measured volume of the gas in the McLeod apparatus to the 
action of potassium hydroxide solution, and fuming sulphuric acid 
respectively. As in no case did any absorption occur, these gases were 
not looked for in later experiments. 

Acetylene was also specially tested for by passing the gases issuing 
from the inner tube through an ammoniacal solution of silver chloride, 
but it was never detected. 

In all the experiments, the following method of analysis was 
adopted. 

About 200 volumes of the sample were introduced into the McLeod 
apparatus and treated for 15 minutes with a hydrochloric acid 
solution of cuprous chloride (prepared according to instructions given 
in Hempel’s Gas Analysis, and then with a dilute solution of 
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potassium hydroxide, so as to remove any carbon monoxide. About 
100 volumes of the residual gas were mixed with some 400 volumes of 
air free from carbon dioxide and exploded ; after explosion, the gas 
was treated with potassium hydroxide solution, and the absorption 
measured. There was always an absorption, and this points to the 
presence of a saturated hydrocarbon in the gas analysed ; most probably 
this hydrocarbon was methane. The original hydrogen was analysed 
in the usual mauner. 

The following table shows the results obtained in six separate ex- 
periments. 

Analysis of the Gases. 


Experiment. I, | II. | au,” | iV. 


| 

Volume of gas taken ............ | 184° 2 159° 7 | | 251 6 | 189°4 | 214°1 
Volume after treatment with! | 
CuCl, and KOH 184° 7 | 159°1 | 250°8 | 188-8 | 212°2 
Volume of residual gas taken...) 107-0 | 105°5 | 102° 7 | 105° 7 | 1077 
Volume of air added 460°1 | 423°6 | 421°2 | 425-1 | 451°3 
Volume after explosion 409°5 | 374°9 | 370°2 | 373°2 | 399°1 
Volume after treatment with | | 
KOH bs? ; wf ; 3688 | ai 397 9 
10| 0 1-4 | 13 | 12| 08] 13 


Reckoning the saturated hydrocarbon present as methane, the 
following table gives the percentage composition of the issuing gases. 


Percentage Composition of issuing Gases. 


Experiment. 


Carbon monoxide 
Hydrogen 
Methane 


The composition of the original hydrogen in these experiments is 
shown in the following table. 


Percentage Composition of Original Hydrogen. 


Experiment. , . | . IV. 


Hydrogen, C x % 
Absorption by KOH, A 
Nitrogen (by difference) 


* Two separate analyses were made in this experiment. 
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Action of Carbon Monoxide on Hydrogen at High Temperatures. 


In the experiments just described, the authors had great difficulty 
in preventing the formation of small quantities of carbon monoxide. 
Thus, in three of the experiments quoted, nearly 1 per cent. of 
carbon monoxide was present in the issuing gases, whilst in the first 
only of the six experiments was the amount of carbon monoxide in- 
appreciable. Although the amount of methane formed did not seem 
to depend at all on the percentage of carbon monoxide in the issuing 
gas, it seemed conceivable that the methane produced in the experi- 
ments might be due in part to the action of carbon monoxide on 
hydrogen at the high temperature employed. To ascertain whether 
this were so or not, the authors passed a mixture of carbon monoxide 
and hydrogen, containing 20 per cent. of carbon monoxide, through 
the porcelain tubes heated to bright redness in the furnace. The 
inner tube in this experiment was a new one and contained no carbon. 
The issuing gases were collected and analysed, but no methane was 
found, so that it appears that the formation of carbon monoxide in the 
foregoing experiments cannot affect the result so far as the methane 
is concerned. 


Part II. 


EXPERIMENTS ON THE COMBINATION OF HyDROGEN AND CARBON 
AT THE TEMPERATURE OF THE ELECTRIC ARC. 


The authors investigated the effect of passing the electric are 
between poles of purified gas-carbon in an atmosphere of dry hydrogen 
enclosed in a glass globe standing over mercury. 


Description of the Apparatus. 


Figure 5 represents the apparatus used in this series of experiments, 
and may be described as follows. 

A is a glass globe terminating below in a cylindrical portion B, and 
drawn out conically at the top. This drawn out portion is bent at 
right angles and sealed on to a three-way tail-tap, C. The dimensions 
of this part of the apparatus are the following :—Total height, 42 cm. ; 
diameter of A, 17 cm.; diameter of B, 6 cm.; length of B, 12 cm. ; 
total capacity, 3 litres. 

The globe stands in a mercury trough, D, and is supported on two 
rubber plates, one of which is shown at E. By means of the three- 
way tap, C, communication is made through a tap, F, with a Schiff’s 
nitrometer, G, filled with mercury, which served for the collection of 
the products and their transference to sample tubes at L. Each of the 
carbon terminals, HH, is attached to a stout copper wire which is 
fixed by a plug of asbestos into a piece of narrow glass tubing, KK, 
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bent as in the figure and filled with mercury. The limb of the tube 
bearing the carbon is thrust into the globe from below the surface of 
the mercury in the trough. The other limb of each tube terminates in 


a thistle funnel, filled with mercury, into which dips a stout copper 
wire leading froma dynamo. This limb is held in position by aclamp 
‘fixed to a retort stand and can be moved backwards and forwards as 
occasion requires for the making and adjustment of the arc. 


Preparation of the Carbon Terminals. 


The terminals were of gas carbon 3°5 cm. long and 1 cm. in 
diameter ; before being used, they were placed in a combustion tube 
sealed at one end, and connected at the other end with a Sprengel 
pump. The tube was thoroughly exhausted, and then strongly heated 
ina furnace for about 24 hours, the pump acting the whole time. 
The tube was allowed to cool, and the carbons were transferred to 
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another similar combustion tube and the treatment was repeated. The 
carbons were afterwards mounted in the apparatus as described. 


Description of the Experiments. 


The globe was completely filled with mercury by attaching an air- 
pump to the tap, C, and exhausting the air. Purified dry hydrogen, 
prepared as described on p. 45, was then introduced either from below 
the surface of the mercury in the trough or through the tap, C, until 
the globe was about three-fourths full. The electric are was then 
formed between the carbon terminals, and continued for 15 minutes. 
The globe was again exhausted until the mercury completely filled 
it. In this way any oxygen occluded in the pores of the carbon terminals 
would be removed. 

The globe was once more filled with the dry hydrogen as before. 
The arc was again formed and the current passed for a period of time 
varying from 30 minutes to 2 hours, and at the end of 5, 15, 30, 45, &c., 
minutes, samples of the gas were drawn off into the nitrometer and 
transferred to sample tubes for analysis. 

Throughout these experiments, an alternating current from a 
dynamo was employed ; the voltage at the terminals of the dynamo 
in two of the experiments was taken between 40 and 60, whilst in the 
third it was about 160. 


Analysis of the Gases. 

The gases obtained on passage of the arc in hydrogen were examined 
qualitatively, and were found to contain considerable quantities of acety- 
lene. Traces of carbon monoxide might also be present, owing to traces 
of moisture in the apparatus, and also small amounts of hydrogen 
cyanide due to the presence of a small percentage of nitrogen in the 
hydrogen employed. After these constituents, and possible traces of 
other unsaturated hydrocarbons, had been removed, analysis showed that 
methane had been formed, to the extent of between 2 and 3 per cent., 
in the experiments in which the arc had been passed for half an hour 
or more. 

The complete analysis of the gases was carried out as follows. A 
large volume of the gas was treated, successively, in the McLeod 
apparatus, with (1) solid potassium hydroxide ; (2) fuming sulphuric 
acid ; (3) an acid solution of cuprous chloride, and (4) a dilute solution 
of potassium hydroxide. The gas was remeasured after absorptions 
land 4. In this way, the hydrogen cyanide and acetylene (together 
with traces of unsaturated hydrocarbons and of carbon monoxide) were 
removed and estimated. In some of the later analyses, the gases were 
treated with an ammoniacal solution of cuprous chloride in addition to 
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the, other reagents, but this was not found to affect the final result. 
A known volume of the residual gas was then mixed with a measured 
excess of air free from carbon dioxide, and the mixture exploded in the 
eudiometer ; after cooling, the gas was remeasured, allowed to stand 
over a strong solution of potassium hydroxide in the laboratory vessel, 
and then the volume was read again. In this way the contraction, 
C, was determined, and also the absorption by potassium hydroxide 
solution, A, which corresponds with the amount of methane in the 
gas, 

Experiment I.—(voltage 40 to 60). The hydrogen used in the 
experiment contained no gaseous carbon compound. The arc was 
passed for 45 minutes, and samples of the gases were collected at the 
end of 5, 15, 30, and 45 minutes. The following tables show the 
results of the analyses of these samples. 


Samples collected at the end of 


5 mins. | 15 mins. | 30 mins. | 45 mins. 


| 


Volume of gas taken .. 268°2 248°1 244°8 247°7 
Volume after treatment with ‘solid 


267°9 247°6 244°5 247°1 
Volume after treatment with fuming 
sulphuric acid, acid cuprous 
chloride, and KOH solution , 235°5 228°8 227 ‘1 


Volume of residual gas taken ; 82°7 94°9 852 
Volume of air added 339°9 373°8 338°5 
C 123°1 140°6 126°6 

1°2 2°3 21 


The above numbers give the following as the percentage composi- 
tions of the samples. 


Samples collected at the end of 


| 15 mins. | 30 mins. | 45 mins. 


Hydrogen cyanide 
Acetylene 

Methane 

Hydrogen .. ... 
Saga (by difference) .. 


56 BONE AND JERDAN: 


Experiment I1.—(voltage 40 to 60, rising towards the end of the 
experiment).—The are was passed for 2 hours, and samples were col- 
lected after 5, 15, 30, 60, 90, and 120 minutes. The following tables 


show the results of the analyses of these samples. 


Samples collected at the end of 


| 60 
. | mins. | mins. 


90 
mins. 


Volume of gas taken ' ' 6 | 300°5 
Volume after treatment with 
solid KOH . 3 | 298-9 
Volume after treatment with) 
fuming sulphuric acid, acid) 
cuprous chloride, and KOH ... ‘ ‘ 3 | 278°4 | 


Volume of residual gas taken ... ; : 95°5 
Volume of air added ' ‘ 412°0 
141°1 

2°8 


248°9 
246°4 


The following are the percentage compositions calculated from the 


above figures. 


Samples collected at the end of 


15 80 60 
mins. | mins. 


90 | 120 
mnins. | mins. 
| 


Hydrogen cyanide .................. 
Acetylene 

Methane 

Hydrogen 

Nitrogen (by difference) 


Experiment IIIl.—(voltage—160).—The arc was passed for 1 hour, 
and samples of the gas were collected at the end of 5, 15, 30, 
and 60 minutes, The following tables show the results of the 


analyses, 


a wt tee =. elUCU Mlle CellC! 
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Samples collected at the end of 


mins. * mins. | mins. | mins. 


| | | 
5 | 15 | 380 | 60 
| 
| | 
Gier 


Volume of gas taken 146°4 | 149°7 

Volume after treatment with solid KOH} 205° 3 | 146°4 | 149°4 

Volume after treatment with fuming] 
sulphuric acid, ammoniacal cuprous| 
chloride, acid cuprous chloride, and 


Volume of residual gas taken............... | 
Volume of air added 
C 


0°9 | 


The following are the percentage compositions of the samples cal- 
culated from the above figures. 


Samples collected at the end of 


| 
| 


15 30 60 


5 


| 
mins. | mins. | mins, | mins, 
| 


Hydrogen cyanide 
Acetylene 
Methane 


From the foregoing experiments it will be seen that, when the 
electric arc is passed between carbon terminals in an atmosphere of 
hydrogen, acetylene and methane are both produced. The nature of 
the results is best seen from the accompanying diagrams, Fig. 6 (p. 58), 
in which the abscisse represent time in minutes, and the ordinates the 
percentage of acetylene or methane in the products. The curves thus 
obtained for experiments B and C, in which the arc was continued for 
an hour or upwards, show how the rate of formation of the gases 
varies with the voltage employed, the rate being greater with the 
higher voltage used in experiment C as regards both acetylene and 
methane. The curves for both gases alike rise rapidly from the 
origin, but gradually become less steep, and both, after passing the 


* Two analyses were-made of this sample. 
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ordinate 30, become practically horizontal. In the curves derived from 
experiment B, the slight deviation from the horizontal is due to a con- 
siderable rise in the voltage, which has been already noticed. Thus it 


Fic. 6. 


percentage of gases 
—=N WEAN wWoSsS 


30 ~CSS 60 
Time in minutes. 


appears that for every voltage there exists a certain state of equilibrium 
between hydrogen, acetylene, and methane, and that the higher the 


voltage used, the greater the proportion of acetylene and methane 


Fig. 7. 


Perecniage of gases 
-“NWHEeIM WYSE LOS 


en, shee 
Time in minutes 


present in the final products after the passage of the arc for a sufficient 
length of time. 

The authors propose at some future time to investigate more care- 
fully the relations existing between the voltage employed and the 
corresponding state of equilibrium between the gases, 
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Part ITI. 


EXPERIMENTS ON THE ACTION OF THE Extectric ARC ON METHANE 
AND ACETYLENE. 


The experiments described in Part II. show that when the electric 
are is passed between carbon poles in an atmosphere of hydrogen, both 
acetylene and methane are formed, but that these two gases do not 
accumulate beyond a definite limit, which, however, varies with the 
conditions of the experiment. It therefore seemed probable that, if 
methane or acetylene were subjected to the action of the arc, they 
would be to a large extent resolved into their elements, but that the 
decomposition products would contain acetylene and methane in 
approximately the same proportions in which they occurred in the 
products of the action of the arc on hydrogen. The authors, therefore, 
decided to study the action of the arc on methane and acetylene 
respectively, and considering the difficulty of maintaining exactly the 
same conditions in the three series of experiments, their results bear 
out in a remarkable way the theoretical conclusions. The experiments 
which follow show that methane and acetylene are to a great extent 
easily resolved into their elements by the electric arc, and that the 
gases drawn off after the arc has been passed for about an hour 


contain both acetylene and methane in nearly the same proportions as 
had been obtained in the experiments with hydrogen. 


Experiment with Methane. 


Methane was prepared by the method of Gladstone and Tribe, that is, 
by the decomposition of a solution of methylic iodide in methylic 
alcohol by the zinc-copper couple ; the gas was washed with alcoholic 
potash, and then collected in a gas-holder over water. From the gas- 
holder, the methane was bubbled through sulphuric acid, and thence into 
the large globe of the arc apparatus, arranged as described in Part II. 
When the globe was three-quarters filled with the gas, the arc was formed. 
It soon became evident that the methane was being decomposed ; 
large flakes of carbon formed in the neighbourhood of the terminals 
and fell on to the surface of the mercury below; and a hard deposit of 
carbon adhered to the carbon terminals, closely resembling bunches 
of iron filings attached to the poles of a magnet, whilst the whole 
interior surface of the globe was covered with a dense black film. 
A large increase of the volume of the contained gas also occurred, 
which could not be accounted for by the mere expansion of the gas 
by heat. These signs of decomposition continued for about ten minutes, 
after which the volume of the gas remained fairly constant, and during 
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the remainder of the experiment the are did not differ in appearance 
from that obtained in the hydrogen experiments. The arc was main- 
tained for an hour, and afterwards samples of the gas were drawn off 
for analysis. Some of the remaining gas was passed through an am- 
moniacal solution of silver chloride, when a copious precipitate of 
silver acetylide was produced. The gas was analysed in the McLeod 
apparatus in the same way as the gas drawn off from the globe in the 
experiments with hydrogen, except that after the preliminary absorp- 
tions some of the residual gas was exploded with oxygen instead of 
air. The result of the analysis was as follows. 
Volume of gas taken 
Volume after treatment with solid KOH.... 
Volume after treatment with ammoniacal 
cuprous chloride, fuming sulphuric acid, 
acid cuprous chloride, and KOH 
Volume of residual gas taken...............++. 
Volume of oxygen added 


From these numbers, the percentage composition of the samples has / 


been calculated (nitrogen by difference). 
HON. C,H. H,. CH,. No. 
0°8 9°8 85°6 2°5 13 


Experiment with Acetylene. 


The globe was filled with acetylene prepared by the action of water 
on the purest obtainable calcium carbide, and dried by exposure to | 
potassium hydroxide. The are (voltage—160) was made, and at once 
brought about rapid decomposition ; dense clouds of carbon rose from 
the terminals, and a large deposit of carbon rapidly formed on them ; 
a luminous smoky flame rose also for some time from the terminals, 
and much heat was evolved. After 7 minutes, the -action of the 
arc became quieter, and during the remainder of the experiment, 
which lasted for an hour, resembled the action of the arc in hydrogen. 
At the close of the experiment, samples of the gas were collected, and 
analysed in the McLeod apparatus as before. The following is an 
account of the analysis. 

Volume of gas taken 

Volume after treatment with solid KOH.... 

Volume after treatment with ammoniacal 
cuprous chloride, fuming sulphuric acid, 
acid cuprous chloride, and KOH. 
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Volume of residual gas taken 
Volume of air added 


From these numbers the percentage composition of the gas has been 
calculated as follows. 
HON. C,H. H,. CH. N.. 
0:2 9°9 85°3 3°2 1-4 
A minute quantity of naphthalene was formed in this experiment, as 
was apparent from the smell of the products. 
An experiment was also made with acetylene prepared by the 
decomposition of cuprous acetylide by hydrochloric acid. The products 
contained 2°5 per cent. of methane and approximately 10 per cent. of 


acetylene. 


THE OWENS COLLEGE, 
MANCHESTER. 


IV.—Electrical Conductivity of Diethylammonium 
Chloride in Aqueous Alcohol. 


By James Wa.ker, Ph.D., D.Sc., and Frep. J. Hasty, F.LC. 


In the course of some experiments on urea formation in aqueous 
alcohol, we found it necessary to ascertain the effect produced on the 
electrical conductivity of a salt solution, as successive portions of the 
water used as solvent were replaced by ethylic alcohol. It was desired 
in particular to determine the part played by the alcohol in reducing 
the degree of dissociation of the salt as well as in reducing the speed 
of the ions, 

The salt selected as most suitable for our purpose was diethylam- 
monium chloride, which is readily soluble in ethylic alcohol. It was 
prepared by evaporating a mixture of diethylamine with a slight excess 
of hydrochloric acid to dryness on a water bath, small quantities of 
water being afterwards added and the evaporation repeated. After 
remaining for a few days in an exhausted desiccator, the substance 
hardened to a dry cake, which was then powdered and kept in a desic- 
cator over caustic potash in order that it might lose any traces of hydro- 
chloric acid which still clung to it. From the chloride thus obtained 
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a normal aqueous solution was prepared, and this was used in all the 
subsequent experiments. 

The alcohol employed was “ absolute” alcohol treated with sodium 
and distilled. The apparatus in which the distillation was effected 
resembled that used in the operation of distilling with steam. An 
intermediate distilling flask was introduced between the flask con- 
taining the alcohol and the condenser, so that the vapour was washed 
in the liquid which condensed in the intermediate flask. Spirting was 
in this way effectually prevented. A glass condenser was used, and 
the connections were made with indiarubber which had previously been 
boiled with soda and thoroughly steamed. The specific conductivity of 
the alcohol thus obtained was 0°36 x 10-° in reciprocal Siemens units 
at 25°, 

To obtain water of a suitable conductivity, ordinary distilled water 
was allowed to remain overnight after being treated with a little 
barium hydroxide and sodium hypobromite solution. The distilling 
apparatus was similar to that used in the preparation of the alcohol, 
the condenser-tube, however, being in this case of block tin, bent down- 
wards and backwards into the beak of a retort which served as the 
intermediate vessel. The water collected had on the average a 
conductivity of 1:5 x 10-® at 25°. 

The conductivity of the salt in each mixture of alcohol and water 
was determined at eight different dilutions, the strongest solution being 
decinormal. The mixture used as diluent was prepared by mixing the 
purified alcohol and water in certain proportions by volume, the actual 
composition of the mixture being then ascertained by an accurate 
determination of its specific gravity. To prepare the decinormal solu- 
tion, purified alcohol and normal diethylammonium chloride solution 
were mixed in the same proportions as were used in preparing the 
diluent, the solution thus obtained being then heated to 25:0°, the 
temperature of experiment, and made up with the warmed diluent to 
10 times the volume of the normal solution employed. This method 
assumes that the normal diethylammonium chloride solution contains 
its own volume of water, which is, strictly speaking, not thecase. The 
error in the conductivity introduced from this source is, however, 
small, and has in what follows been neglected. 

The mixtures used as diluents contained the following proportions of 
alcohol by weight 


8-1 25°3 41°8 64°6 86:0 per cent. 
corresponding to the proportions by volume at 15:5° 
10°1 30°7 49-2 72:0 90°3 per cent. 


An incomplete series was also made with alcohol containing 98-3 per 
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cent. by weight, or 99-0 per cent. by volume. In this case the deci- 
normal solution was made by dissolving a weighed quantity of the 
chloride in the appropriate volume of alcohol. 

The method adopted for the determination of the resistance of the 
solutions was Kohlrausch’s with induction coil and telephone. The 
apparatus was fitted up as described in Ostwald’s Physico-chemical 
Measurements, p. 222 et seq., attention being given, however, to the 
more recent precautions and improvements suggested by Kohlrausch 
(Ann. Phys. Chem., 1893, 49, 225). With these precautions, the method 
gave excellent results even at the greatest dilutions employed, and we 
are convinced that the source of any errors affecting our results is not 
to be sought for in the method of electrical measurement, but in the 
effect of small quantities of impurity, inaccuracies in the dilution, &c. 
The cell was of the type described by Arrhenius, the hole in the ebonite 
cover being closed by an indiarubber plug to prevent evaporation of 
the alcohol. The electrodes were well platinised several times during 
the course of the experiments. It is well known that after platinisa- 
tion it is almost impossible to wash the electrodes free from con- 
ducting material, a week perhaps elapsing before they are suitable for 
use in liquids of high resistance. We find that this difficulty may be 
got over very simply by dipping the electrodes after platinisation into 
a solution of sodium acetate, which is electrolysed in precisely the 
same way as the platinum chloride solution, the current being reversed 
several times. A few washings with water are then sufficient to render 
the electrodes fit for use. 

The measuring wire was carefully calibrated before and after the 
whole series of experiments, and the cell-constant was taken frequently 
during the progress of the measurements. The resistances in the box 
employed were compared against each other and found to have a 
negligible relative error. The temperature of experiment was 250°, 
the resistance-cell being immersed in the water contained in a thermostat 
of the form described by Ostwald, Joc. cit., p. 59. 

In performing the dilutions we experienced unexpected difficulty, and 
it speedily became apparent that volumetric apparatus which worked 
quite satisfactorily with aqueous solutions gave untrustworthy results 
when mixtures of alcohol and water were employed as solvents, the 
irregularities being chiefly due to unequal draining and the formation 
of “tears” on the walls of the pipettes, dc. The plan of work finally 
adopted was as follows. Two 10 c.c. pipettes were taken, one of which 
was used for removing the solution from the cell and the other for 
delivering the diluent. On the stem of the delivery pipette a milli- 
metre scale was etched, and for each particular diluent the place on 
the stem was noted for which the volume delivered was equal to the 
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volume removed by the other pipette. By means of these pipettes the 
dilution was increased by successive doublings from v=10 to v= 320, 
a reading of the conductivity being taken at each fresh dilution. A 
direct dilution in one operation from v=10 to v=320 was then made 
by weight in the following manner. A tared measuring flask oj 
100 e.c. capacity was filled to the mark with the diluent and weighed, 
after which it was emptied and dried. A quantity of decinormal 
chloride solution equal in weight to ,/;nd of the quantity of the diluent 
that the flask contained was then introduced, and the solution made 
up to the mark with the diluent. The error caused by the difference 
in the specific gravity of the diluent and the decinormal solution was 
found to be small compared with errors from other sources, and was 
consequently neglected. The differences between the conductivities 
of the solutions obtained by successive and by direct dilution were 
under 1 per cent. In all cases, the direct dilution was assumed to 
be correct, the appropriate correction being applied to lower dilu- 
tions when necessary. <A dilution was then made by weight in the 
manner above indicated, from v = 320 to v= 1600, and then another in 
the same way from v=1600 to v=8000. The conductivity of the 
diluent was finally ascertained, and the correction applied in the 
manner proposed by Arrhenius, At the dilution v= 8000 this corree- 
tion assumes relatively large proportions, amounting occasionally to as 
much as 12 per cent. of the total conductivity. The results for that 
dilution are therefore probably much less accurate than those for lower 
dilutions, but we think that even here the total error is less than 
2 per cent. of the whole value, for in several cases duplicate determin: 
tions made with diluents prepared and mixed at different times showed | 
an agreement well within that limit. 
In the following tables of our results, v represents the number of 
litres in which one gram-molecule of the chloride is dissolved, A is the | 
specific conductivity in reciprocal Siemens units, » the molecular con- 
ductivity and m the ratio p,/u,, so that 100m represents the percent- 
age dissociation. The solvent employed is placed at the head of each 


Water. 


100m. . ej ’ | 100m. 


93:0 

| | 95°2 

2345 | 93°8 98-2 

1219 | 9755 : 99°5 
| 100 
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10°1 per cent. alcohol by volume. 


| 
100m. Ye ’ 100m. 


92°8 
94°7 
97°4 
99°3 
100 


80°7 per cent. alcohol by volume. 


100m. 


100m. 


89°0 
91°4 
95:1 
98°3 
100 


72°0 per cent. alcohol by volume. 


100m. Ye ; 100m. 


840 
87°8 
93°4 
98°2 
100 


90°3 per cent. alcohol by volume. 


100m. I. A x 105, 


VOL. LXXI, 
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99°0 per cent. alcohol by volume. 


100m. ‘ A x 10°. . 100m. 


58°7 

69°9 

80°5 
100 


The relations between the numbers obtained by us are rendered 
most evident by means of curves. We have therefore constructed 
diagrams to show the influence of dilution and of addition of alcohol 
on the molecular conductivity and on the degree of dissociation of the 
diethylammonium chloride in solution. 

In Fig. 1 the molecular conductivities have been plotted as ordinates ; 
and for abscisse we have taken v! instead of v in accordance with 


Fic, 1, 


ot 


@ 10% alcohol 


# 30% alcohol 
| 


49% alcohol 


72% alcoho 
90% alcoho 
99%alcohol 


a 
es 


previous practice. The curves all slope gently upwards towards 
the right, the total ascent being greater in the case of pure; water 
and of 99 per cent. alcohol than with the intermediate solvents. 
The distances between the various curves show that as increasing 
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quantities of alcohol are added the effect of each increment on the 
conductivity decreases, especially at the higher dilutions. 

In Fig. 2 we have as ordinates the percentage dissociation as 
measured by the ratio 100y,/u.. Here also the curves all slope 


Fie. 2. 

100 . 1 

Water 

30% alcohol 
90 50% alcohol 
72% alcohol 
290% alcohol 
* alcohol 


upwards to the right, indicating an increase of dissociation with 
increased dilution; but in this case it will be noticed that the in- 
fluence of thg first quantities of alcohol is comparatively trivial. So 
much is this the case that the curve for 10 per cent. alcohol had to be 
omitted, as it could scarcely be shown distinct from that of pure water 
on the scale of the diagram. The replacement of 10 per cent. of the 
solvent water by ethylic alcohol is therefore practically without effect 
on the degree of dissociation of the dissolved salt, the diminution being 
less than 1 per cent. Arrhenius (Zeit. physikal. Chem., 1892, 9, 499) 
estimated the effect of 10 per cent. of a non-conductor such as alcohol 
on the degree of dissociation of a good electrolyte in strong solutions 
to be not greater than 1 per cent., a conclusion in accordance with our 
direct measurement. The slope of the curves becomes greater as more 
and more alcohol is added ; that is, between the limits of dilution given 
(v = 10 to v = 320), there is a much greater change in the dissociation 
with strongly alcoholic than with aqueous solutions. Results have 
not been given for dilutions greater than 320 /., as thejdiagrams to 
contain them would have been inconveniently extended and as‘ the 
curves at the high dilutions approach each other very closely, theoreti- 
cally to meet on the ordinate 100 when the dilution becomes infinitely 
F2 
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great. It should be observed that at the dilution 320 /. the salt is more 
than 80 per cent. dissociated even in 99 per cent. alcohol. There is, it 
is true, a slight uncertainty in fixing the molecular conductivity at 
infinite dilution from which the degree of dissociation is calculated, but 
the error from this source cannot be of great magnitude. Kohlrausch 
has investigated for aqueous solutions, and Vdéllmer for alcoholic 
solutions (compare Ostwald’s Lehrbuch, vol. ii, part 1, section ii), the 
conductivity of a large number of binary salts at dilutions beyond 
» = 8000, and from their results and the general character of our own 
curves we were able to conclude with certainty that a very small 
addition to the molecular conductivity at 8000 7. would give the 
molecular conductivity for vy = «. The addenda we used were 0°5 for 
water, 0°6 for 10 per cent. alcohol, and 0°7 for the other solvents, the 
relative effect of the addition being greater as the water is replaced 
by alcohol. 

Fig. 3 exhibits the effect on the degree of dissociation of substituting 
alcohol for water. The abscisse (p) are the percentages of alcohol by 


Fic. 3. 


70 80 90 


P 


volume in the solvent, and the ordinates represent the degree of 
dissociation. At infinite dilution, the effect is ni/, for then the salt is 
wholly dissociated even in absolute alcohol. At 320 /. the effect is 
still comparatively small, the dissociation only falling from 95 to 80 
per cent. as the solvent changes from water to alcohol. In the 
solutions of greater concentration, the influence is much more marked, 
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the fall for v = 10 being from 79 to 34; that is, the dissociation is 
reduced to less than half. The character of each curve shows that the 
last additions of alcohol have a much greater effect than the first. 
For example, it is seen from the curve for v = 20 that 80 per cent. of 
the water must be replaced by alcohol before half the total fall is 


Z 


Oa 


a OE ela tit Tes 


produced ; and so it is also with the other curves. This is especially 
noteworthy on account of the light it throws on the curves of Fig. 4, 
where molecular conductivities, 1, are the ordinates and percentages of 
alcohol, p the abscisse. 

The molecular conductivity of a substance in solution depends on 
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two variables—the proportion of ions in the solution, and their speed. 
Now we have seen from Fig. 3 that the degree of dissociation at 
a given dilution (that is, the proportion of ions present) is diminished 
as the water is replaced by alcohol. The molecular conductivity 
will therefore fall owing to this cause. But the speed of the ions 
is also reduced by the substitution of alcohol for water, and 
consequently for this reason also the molecular conductivity will be 
diminished. This second mode of action of the alcohol is exhibited in 
the uppermost curve of Fig. 4, which represents the molecular 
conductivity at infinite dilution. Change in the degree of dissociation 
is here eliminated, for the dissociation is throughout complete. From 
the shape of the curve, it is evident that the retardation of the ions 
is practically at an end when the solvent contains 60 per cent. of 
alcohol. For greater amounts of alcohol, the curve runs in what is 
approximately a straight line only very slightly inclined to the p-axis.* 
The curves for finite dilutions bear a general resemblance to the 
curve for infinite dilution, so that we may attribute the chief effect 
of the alcohol in diminishing the molecular conductivity to the 
retardation of the ions. Up to py=60 the curves very closely resemble 
the curve for v=«, but beyond that point the similarity in great 
measure ceases. This is owing to the appearance of the second factor 
—the diminution in the degree of dissociation. From Fig. 3, it may 
be seen that up to y= 60 the diminution is small, but it then becomes 
very marked, especially at the smaller dilutions, The consequence is 
that whilst the substitution of alcohol beyond 60 per cent. scarcely 
affects the speed of the ions, it now exercises a great effect in 
diminishing their number, and that the more as the dilution 
diminishes, with the result that the curves for the smaller dilutions in 
Fig. 4 bend away from the curve for infinite dilution and become more 
and more inclined to the p-axis. The curves for the molecular 
conductivity therefore exhibit contrary flexure: at first they are 
convex to the p-axis, but at the end they become concave towards it. 
As we have already stated, the curve for infinite dilution in Fig. 4 
gives us a measure of the influence of the alcohol in diminishing the 
speed of the ions. A general expression which indicates the influence 
of the alcohol in diminishing the degree of dissociation may be found in 
the formula of Rudolphi (Zeits. physikal. Chem., 1895,1'7, 385). Rudolphi 
found that for highly dissociated binary electrolytes the expression 


exhibited satisfactory constancy, the relation between the 


m 
(1-m) Jv 
dilution and degree of dissociation being thus expressed with a single 


* This is not all brought out in the figure. 
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constant. We have calculated the value of Rudolphi’s expression for 
the various solvents and give our results in the following table. 
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For p=90 the values of the expression increase very rapidly with 
the dilution, for which reason they have not been included in the 
table. For smaller values of p, the expression is fairly constant, and 
a mean has in each case been calculated. The divergences from the 
mean are not greater in the solutions containing alcohol than they are 
in the pure aqueous solution, and are on the whole of the same order 
as those given by Rudolphi.. An error in the determination of m, 
when m =0°9, is magnified twelvefold in Rudolphi’s constant, so that 
strict constancy cannot be expected. As will be seen, the value of 
the constant falls as alcohol takes the place of water in the solvent, 
indicating that the concentration at which the salt is dissociated to a 
given extent falls in like manner. 

In alcoholic solutions, there is not the same close resemblance in the 
behaviour of electrolytes that we find in aqueous solutions, and no 
doubt the results that we have obtained for diethylammonium chloride 
are not representative of the effect of alcohol onall binary electrolytes. 
Acids and bases diverge very widely in particular cases, so that no 
conclusions can be drawn as to their behaviour in alcoholic solutions 
from the known properties of their solutions in water. Salts present 
less irregular phenomena. We venture, therefore, to think that the 
curves we have given may be of use in indicating broadly the influence 
of alcohol on solutions of binary salts with univalent ions, whatever 
divergences may be found in details. 

Lenz (cited in Ostwald, Lehrbuch, vol. ii, part 1, 708) observed 
that in strong solutions of potassium iodide (v=2 to v=8) the influ- 
ence exerted by alcohol on the conductivity was independent of the 
dilution. In the following table we have calculated the conductivity 
of our alcoholic solutions in terms of the corresponding aqueous 
solutions, and so tabulated the results that if the regularity found by 
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Lenz applied to the case in hand, the numbers in all the horizontal 
rows would have the same value. 


| 
| 
| 


For small quantities of alcohol, the relative diminution of the 
conductivity does indeed appear to be independent of the degree of 
dilution, but it is obvious that this regularity does not extend over 
the whole table. The case of potassium iodide is probably an 
isolated one, the influence of the different factors in the range of 
dilution studied being of such a nature as to bring about the observed 
appearance of uniformity in the action of the alcohol. 
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V.—Eaperimental Methods employed in the Examination 
of the Products of Starch-hydrolysis by Diastase. 


By Horace T. Brown, F.R.S., G. Harris Morris, Ph.D., and J. H. 
MILLAR. 


Section I.— Zstimation of Solids from Solution-density. 
Section II.— Determination of Specific Rotatory Power. 
Section ITI.— The relation of [a]; to [a]p. 

Section 1V.— Determination of Cupric-reducing Power. 
Section V.—Limits of Accuracy of the Methods. 


As we hope to lay before the Society a series of papers embodying the 
results of our recent work on starch-hydrolysis, we have considered it 
desirable to preface these communications with a detailed and critical 
account of the methods we have employed in the examination of the 
products of change. A review of this branch of the subject is the 
more desirable as chemists are still not agreed on a common method 
of obtaining or expressing their results, and a considerable amount of 
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misunderstanding has at times arisen from individual workers not 
taking sufficient pains to master the systems of notation adopted by 
others. 

In this preliminary paper, we have endeavoured as far as possible to 
remove some of the causes of misunderstanding, and to show the true 
relations existing between the different systems of notation, and the 
degree of accuracy which may be reasonably expected of the analytical 
methods. In such an enquiry, there are many pitfalls which can only 
be avoided by great care and circumspection. 


I.—E£stimation of Solids from Solution-density. 


For a correct determination of the specific rotatory and reducing 
powers of the products of starch-hydrolysis, it is essential to know the 
concentration of the solution, that is, the weight of dry solids contained 
in a unit volume of the solution. To obtain the amount of solids by 
evaporation of the solution is a laborious operation, and a task of no 
small difficulty, as some of the carbohydrates retain water with great 
obstinacy and have to be submitted to very special processes in order 
to expel the last traces of moisture. 

This was a difficulty which was fully recognised and appreciated by 
O'Sullivan more than 20 years ago, and he turned the position by 
using the density of the solution as a guide to the total solids present. 
This principle has been very much employed since that time, although 
it has met with an occasional protest on the score of want of accuracy. 
We have no hesitation, however, in stating that when proper pre- 
cautions are taken the estimation of solids from solution-density is 
capable of as great, or in most cases of greater, accuracy than a 
determination based on evaporation and drying, unless the latter 
method is carried out with such refinements as are practically 
impossible when a large number of determinations have to be made. 

In his earliest papers, O’Sullivan assumed that, within certain limits 
of dilution, a solution of starch-products at 15°5° increases in specific 
gravity by equal increments of 3°85 for every gram of dry solids in 
100 c.c. of the solution, water being taken at 1000 at 15°5°. Asolu- 
tion of either maltose or dextrin containing 10 grams of dry substance 
in 100 c.c. at 15°5° is stated to have a sp. gr. of 10385, “hence the 
number of grams in 100 c.c. of a solution of any specific gravity can 
be determined by dividing the weight above water by 3°85. For 
example, a solution of sp. gr. 1003°85 contains one gram ; one of 
sp. gr. 1007-7 two grams per 100 c.c., andsoon.” (O'Sullivan, 
Trans., 1876, ii, 130). 

O'Sullivan used this constant divisor of 3°85 throughout all his 
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researches prior to 1879, but he particulariy states that he only 
regards it as approximately accurate. 

In the paper by one of us and Heron of 1879 (Trans., 1879, 35, 
596), the uniform divisor of 3°86 was used in the same manner, and 
we have retained this factor throughout our subsequent papers, except 
where specially stated to the contrary, and have indicated its use in 
the value denoting the specific rotation and reduction by appending the 
number 3°86 to the respective symbols ; thus [a]j..9g 162°, Ks.g, 48. 

This divisor 3°86 for the determination of solids from solution- 
density was adopted after a careful determination of the density 
of cane-sugar solutions of varying concentrations. In the above 
mentioned paper, the results for cane-sugar were plotted in the 
form of a curve in such a manner as to indicate the particular divisor 
to be employed in order to determine from the solution-density the 
grams of dry sugar per 100¢.c. This curve, along with those of other 
carbohydrates, is reproduced in Plate I. (p. 80). It will be seen how the 
divisor varies with the concentration, and that whilst it is exactly 3:86 
at a solution-density of 1055, it rises to 3°868 for a density of 1020. 

We were quite aware, even at that time, that the true divisors for 
maltose, and for mixtures of maltose and dextrin, by no means corre- 
spond with the divisors for cane-sugar. Thus in the case of perfectly 
anhydrous maltose, for a concentration of 5°0655 grams per 100 c.c. 
the divisor was found to be 3:9314 (Trans., 1879, 35, 602). Since, how- 
ever, the solution-densities of the products of starch-hydrolysis had 
not at that time been determined for varying concentration, it was 
decided to use the constant divisor 3°86, with the full knowledge that 
when the true divisors were determined the values could readily be 
reduced. In a footnote to the paper of 1879, attention was drawn to 
the fact that the analytical results, so far as percentages of constituents 
go, were really not affected by the divisor employed differing from the 
true divisor. This is apparent when we consider that the values taken 
for the specific rotatory powers of maltose and of dextrin, into terms 
of which all the results were calculated, were based also on this same 
3°86 divisor. Where mere percentages of a mixture of carbohydrates 
are required, we might, in fact, assume a divisor for the mixed solids 
which might depart considerably from the true divisor and yet give a 
correct percentage composition, provided always the calculation is based 
on the specific rotatory and reducing values of the constituents correspond- 
ing to the particular divisor taken, Thus in working out the apparent 
composition of the mixed products of a starch transformation, and 
expressing them as percentages of maltose and dextrin, we might take 
a divisor of 3°86, 3°95, or in fact any number we like, the only requisite 
condition being that we should use specific rotatory and cupric-reducing 
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values for maltose and dextrin, respectively, which correspond to the 
particular divisor we may decide to employ. 

The truth of this is obvious if we bear in mind that the values 
representing specific rotation and reduction, whatever notation is used, 
vary directly as the specific gravity divisor employed. Thus if 150° 
be the specific rotation of maltose for [a] js, (that is, on the basis of 
the 3°86 divisor), the specific rotation where a divisor of 3°93 is used 
nn — =152°7°,and soon. Again, ifa dextrin 
on the basis of the 3°86 divisor has a specific rotation of 216°, on that 
of the 3°95 divisor it must be taken, for purposes of calculation, at 
921°, All that we have to take care of is that we employ optical and 
reducing constants bearing their proper relation to the divisor used, 
and that we do not vary the divisor in the same experiment.* 

It may be considered that in the above remarks we have dwelt un- 
necessarily on what is evident to any one who has paid any attention 
to the subject, but these elementary facts have unfortunately often 
been misunderstood and misinterpreted by recent workers on the Con- 
tinent, who have failed to apprehend the true numerical relations of 
the constants we have employed. Quite recently, for instance, Ost 
(Chem. Zeit., 1895, 19, 1501) raises serious:objections to our expression 
of the law of relation of rotation and reduction on the ground that we 
have estimated the amount of substance indirectly from the solution- 
density by means of the constant factor 3°86. This he pronounces as 
“allowable for approximate determinations but not for the deduction 
of important laws.” He overlooks the fact that the numerical rela- 
tions of the two properties are not in any way influenced by the 
greater or less accuracy of the divisor, and that the law in question 
only deals with these relations. 

Where density of the solution is used for the determination of the 
solids, it is much to be desired that chemists would append an indica- 
tion of the divisor used to the symbols denoting specific rotation and 
reduction, Such a practice would enable us to readily reduce the 
results where required for purposes of comparison, and it would much 


must be taken as 


* For purposes of strict comparison, the analyses must all be made in solutions 
of approximately the same density, and the above remarks are only strictly correct 
if the constituents of the mixture possess identically the same divisor. The larger 
the difference between the divisors of the constituents, the greater will be the error 
introduced from this source. We now know that the divisor for the dextrin or 
amylin portion of starch-conversion products is sensibly greater than that of the 
maltose constituent (see later in this paper), but the error introduced from this 
cause is but small, and does not in the least vitiate our former work, or the 
conclusions based thereon. 
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diminish the risk of misunderstanding in a subject which is in itself 
sufficiently difficult and complex. 

If, as frequently happens, a knowledge of the percentage composi. 
tion of the solids is insufficient, and we require to know the actu 
weight of these per unit of volume of solution, this must be determined 
either by the evaporation and drying of the residue from a given 
amount of solution, or it must be deduced from the density of the 
solution after the density constants of each constituent have been 
accurately determined. 

We have already referred to the great difficulty experienced in 
driving off the last traces of moisture from many of the carbo. 
hydrates. This is especially the case with those derived from the 
hydrolysis of starch, which are most difficult to obtain in a perfectly 
anhydrous state without decomposition. After many trials, we have 
finally adopted a form of apparatus essentially similar to the one 
recommended by Lobry de Bruyn and Van Leent (Rec. Trav. Chim. 
1894, 13, 218.) 

Two small flasks are united by a tube furnished with a stop-cock 
and a side-tube leading to a good air pump. The substance to be 
dried is introduced into one of the flasks, the other being partially 
filled with phosphoric anhydride. After exhausting the apparatus, 
the flask containing the substance is immersed in a water, salt-water, 
or oil-bath, according to the final temperature required, and is slowly 
heated up to a point at which it ceases to lose weight. 

Crystallised hydrated maltose may in this manner be rendered com- 
pletely anhydrous in a few hours at 105—106° without any signs of 
fusing or of discolouration. Hydrated dextrose is still more easily 
rendered anhydrous in this manner, and crystallised levulose com- 
pletely loses all traces of adherent moisture below its fusing point. 

The dextrins, maltodextrins, and the mixed starch-transformation 
products, on the other hand, require much longer drying in this 
apparatus, and temperatures as high as 120—130°, before losing the 
whole of their water. 

With the aid of this convenient apparatus we have determined, 
with every possible precaution, the density in solution, at varying 
concentrations, of maltose, dextrose, levulose, soluble-starch, and the 
mixed products of starch hydrolysis with diastase, carried to various 
points, and of definite and known composition. 

In tabulating the results, we have put them in such a form as to 
ndicate the divisor to be used at the various concentrations, in order 
to determine the grams per 100 c.c. of solution. For any given 
concentration, the proper divisor can be found either by inspection 
of the curves given in Plate 1.(p. 80), or by employing the equation of 


diluti 
The 
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the curves given, in each case, in the text after the experimental 


numbers. 
It will be seen that whilst the various carbohydrates examined 


differ considerably in solution-density at similar concentrations, they 
ball show that the volume occupied in solution by a unit of weight of 

the substance is less at lower than at higher concentrations, hence 

dilution must in all cases be attended with a contraction of volume. 

The specific gravities given were all taken at 15:5°, and are referred 
to water at the same temperature. Strictly speaking, the values given 
are not exactly grams per 100 c.c., but the weight of substance (weighed 
in air) contained in a volume of the solution equal to that occupied by 
100 grams of water at 15°5°, weighed in air against brass weights. 

In order to convert the ‘results into true grams per 100 c.c., where 
great accuracy is required, as, for instance, in determining specific 
rotatory constants, they must be multiplied by the factor 0°99802, 
thus reducing them by about 0:2 per cent.* 

In the following tabulated results, 

Column (a) gives the weight of dry substance taken. 

Column (6) gives the total weight of solution. 

Column (c) gives the specific gravity of the solution at 15:5’, 
referred to water at 15°5°. 

Column (d) gives grams of maltose per 100 c.c. (reputed). 

Column (e) gives the divisor for the determination of grams per 
100 c.c. (reputed) from the specific gravity. 

The greatest possible care was taken to ensure the purity of the 


various substances. 


TaBLe I.—Solution Density of Maltose (anhydrous). 


a. b. 


| 
| | 
10071 | 39°6425 | 101011 | 2°566 3°939 
1°9783 | 40°8831 | 1019743 4°939 3°933 
1°4515 | 29-8000 1019°55 4966 3°936 
19595 | 4071240 | 1019°59 4979 3°934 
49596 | 52°1081 | 1038°83 9886 3°927 
37107. | 381672 | 1039°67 10°107 3°925 
58320 | 418137 | 1057-77 | 14°753 3°915 
63222 | 33°6245 | 107914 | 20-291 3-900 
70812 | 33°9980 | 108823 | 22-666 3°893 
9:3267 | 423482 | 1093°81 | 24°090 3°894 
103720 | 38°7564 1115°84 | 29°865 3°879 
10°7029 | 34 0471 113839 |  35°784 3°867 


— pt pe 
NOD ONIHoOHm CHE 


* This factor is arrived at in the following manner. The weight of the volume of 
water at 15°5° to which all the densities are referred is 100 grams, weighed in air. 
Reduced to a vacuum, this will weigh 100°106 grams, and as the density of water at 
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The above results are expressed in the maltose curve of Plate I. p. 8) 
and the equation* for calculating the divisor for any given gravity 
is, 


D = 3°9435 — 0:00044 (G - 1000) — 0:000001 (G — 1000)?, 
in which D = the required divisor, and G = the specific gravity of the 
solution. 


TaBLE II.—Solution Density of Dextrose (anhydrous). 


b. . d. 


12988 |  49°8518 101012 2°6317 3°845 
1°6324 |  30°5690 1020°95 5°4516 3°842 
3°2659 | 512638 1025°07 6-5306 3°839 
3°2751 | 31°1712 1041-94 10°9470 3°831 
83380 | 53°7774 1062°93 16°4800 3°818 
64414 | 86°5604 1072°03 18°8870 3813 

| 

| 


“I Om Co bo 


9°0925 39°9196 1094 °66 24°9330 3796 


These results are shown in the dextrose curve (Plate I), the equation | 
for which is, 
D = 3°848 — 0:00028 (G — 1009) — 0:0000028 (G — 1000).? 


Taste III.—Solution Density of Soluble Starch. 


b. 5 d, 


0°5606 50°7022 1004°44 1°1105 3°998 
1°1380 50°5957 1009 °08 2°2691 4°000 
2°2063 56°5394 1018°95 3°9640 4°023 
2°3166 | 50°5954 1018°75 4°6645 4°019 
16118 | 56°0157 1011°68 2°9110 4°012 


| 


15°5° is 0°99908 as compared with that of water at 4°, the true volume of the 
‘*reputed ” 100 c.c. at 15°5° will be i OE = 100198 c.c. This represents 
the volume in true cubic centimetres of 100 grams of water weighed in air. The 
reciprocal of this 0°99802 is consequently the factor to be employed for reducing the 
above experimental numbers to grams per 100 true cubic centimetres. We much 
require a convenient term to express the volume occupied at 15°5° by a definite 
number of grams of water, weighed in air. This value of the cubic centimetre, 
which is the one employed in the graduation of most of the flasks and pipettes 
used in the laboratories of this country, is manifestly not identical with the true 
cubic centimetre. We have ventured to append the term ‘‘ reputed” to the value 
in question. 100 ‘‘reputed” cubic centimetres are equal to 100°198 true cubic 
centimetres, and the ratio of a true to a ‘‘ reputed” cubic centimetre is 1:0°99802. 

* We are indebted to Dr. A. Lapworth for kindly calculating this and the 
following equations. 
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Nos. 1 to 4 give the results obtained with a specimen of OC. J. 
Lintner’s soluble-starch prepared by the action of dilute acid, in the 
cold, on ungelatinised potato-starch. 

No. 5 was a specimen of C. J. Lintner’s “amylodextrin,” prepared 
with malt-extract according to his directions. This is the first product 
of the liquefaction of starch-paste, and gives a deep blue reaction with 
iodine. It is the “ soluble-starch ” of O’Sullivan and others. 

Owing to the comparative insolubility of these preparations of 
soluble-starch, the range of concentration in these experiments is 
necessarily small, and they do not admit, on this account, of quite the 
same degree of accuracy as the other carbohydrates. 


Solution Densities of the Mixed Products of Starch-hydrolysis. 

The conversions were in these cases made with as small an amount 
of diastase as possible, consistent with the proper stage of conversion 
being reached. The mixed products, after analysis, were in the first 
place concentrated on the water bath, and were then transferred to 
the vacuum-apparatus, the temperature being slowly raised as the 
last traces of moisture were expelled. A final temperature of 110° is 
generally sufficient, but when the solution contains much soluble- 
starch it may be necessary to finish at 130°. 

Series A.—The solution-density and corresponding divisors here 
given are the experimental numbers obtained with the mixed products 
of hydrolysis when the conversion was arrested soon after complete 
limpidity of the starch-paste was attained. The products had the 
following optical and reducing properties. 

[a] js-96 203°6° { [a] 188°6°} 
kgeg «118 [R 20:2] 

The letters at the heads of the columns have the same significance as 

in the foregoing tables. 


Taste IV. 


| 
| 


12738 51°0694 101014 | 2-518 4-026 
1°7032 30°3714 102305 | 5°787 4:017 
5°6768 52°4770 104530 | 11°31 4-005 
60568 41-4603 106196 | 15°514 3-993 


The variation of the divisor with the concentration is shown in the 


curve. of the “ High Transformation” of Plate I., the equation for 
which is, 
D = 4-032 — 0:0006 (G — 1000). 
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Series B.—In this case the solution-density of the mixed products of 
a somewhat more advanced conversion were determined, the products 
of hydrolysis having a specific rotation and reducing power of 
[a] js-9¢ 186.6° { [a],173°9°}, 
Kg 26°6 [R 45-4] 


TABLE V. 


1°0552 |  44°9101 1009°51 2°3719 4°009 
2°7575 |  53°3388 1021°31 5°2791 4°002 
3°6031 |  61°9826 1028°51 7°1286 3°999 
3°6317 | 841428 1044°32 11°1080 3°989 
75073 |  54°0266 1058°62 14°7110 3°984 
7°9600 | 43°4377 1078°58 19°7640 8°975 


These results are denoted graphically by the curve of Plate I. for 

the “ Medium Conversion.” The equation for finding the divisor is— 
D =4:012 —0:00044 (G — 1000) — 0-:000001 (G — 1000). 

Series C.—Here are given the results obtained with a low starch- 
conversion, that is, one in which the hydrolysis was carried almost to 
the lowest point, and in which the maltose is in a readily fermentable 
and diffusible condition. The optical and reducing properties of the 
mixture were as follows. 

[a] jsa¢ 162°2° { [a], 149°7°} 
K-86 492 [R 82°8.] 


TasLe VI. 


0°8470 | 855237 1009°55 2°407 3°967 
1°9545 | 89°1675 1020°23 5°091 3°973 
2°2602 | 81°3523 1029°39 7°424 3°960 
4°4225 45 3500 1040°16 10°143 3°959 
4°1633 41°6143 1041°23 10°417 3°958 
4°6694 | 33°9971 1057 °35 14°522 3°949 
7°6485 47 °4471 1067°82 17°214 3°940 
10°5212 | 513166 1087°67 22°300 3°931 


| 
| 
| 


The results are given graphically in the Curve for “Low Conver- 
sion,” Plate I, the equation corresponding to which is, 


D=3-9742 — 0:000403 (G — 1000) — 0:0000014 (G - 1000)? 
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When we regard the curves denoting the variation in the divisors 
for the mixed products of the hydrolysis of starch proceeding from 
the different grades of transformation, the important fact comes out 
that for equal concentrations the divisor to be applied for the deter- 
mination of dry solids per 100 c.c. increases with the specific rotatory 
power of the mixture, and decreases with the rise in cupric reduction ; 
in other words, the divisor varies in some inverse ratio to the apparent 
maltose present. 

If we consider the mixed products of hydrolysis as composed of 
maltose and dextrin, and assume that the maltose constituent has the 
same solution-density per unit weight, and therefore the same divisor 
as ordinary maltose, then from the experimental data given we can 
determine the divisor for the dextrin or amylin constitutent. 

Let us, for example, take the medium transformation of Table 
V, in which the specific rotatory power is [a]jss, 186°6° {[a]p 173°9°}, 
and the apparent maltose is 45:4 per cent. [R = 45-4]. 

For the mixed products of hydrolysis, we find by the experimental 
curve that the divisor at a density of 1020 is 4-003. The divisor for 
maltose which goes to make up this density is 3°939, that is, the 
divisor corresponding to 45°4 per cent. of the density 1020 = 
1009°1. The divisor due to the dextrin or amylin constituent will 


consequently be 


20 x 4-003 - 9-1 x 3-939 _ sone 


20 - 9:1 
This, of course, is not the amylin divisor for a density of 1020, but for 
a density of 54°6 per cent. of this, 7.¢., sp. gr. 1010°9. 

Working in this manner with the results of the high transformation 
given in the curve, we find the following series of divisors for the amylin 
constituent at different densities. 

Density. Divisor. 

1016°24 4038 

1032-48 4023 

1048-72 4010 

1064-96 3°996 
These when plotted in the usual manner give the “ Amylin” Curve of 
Plate I., shown by a dotted line. It will be noted that this curve is 
much steeper than any of the others. 

It may be urged that we are attaching too much importance to this 
calculated amylin curve expressing the variation in solution-density 
of the non-maltose constituent of starch transformations, and that we 
can adduce no certain proof that the reducing constituent or con- 
stituents of different grades of transformation are comparable in this 
respect with pure maltose. 

VOL. LXXI, G 
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This is perfectly true, and, moreover, knowing as we do that the 
maltose constituents of low-grade transformations exist in a readily 
fermentable and readily diffusible condition, whilst those of higher 
grade transformations exist to a great extent in some sort of combina- 
tion as maltodextrins, amyloins or reducing dextrins (according to the 
point of view from which we regard them), it certainly did seem im- 
probable that the solution-densities of crystallisable maltose would be 
applicable to the reducing constituents throughout the whole range of 
starch-transformation products. As a matter of undoubted fact, how- 
ever, we find that when a series of dextrin or amylin divisors is 
deduced from the products of a single starch-transformation in the 
way we have indicated, then these divisors are applicable to all other 
starch-transformations of very different grades. This goes very far 
to show that in starch-transformations of very different stages of 
hydrolysis the divisor for the reducing portion is identical for the 
same concentration ; and it necessarily follows as a corollary that 
there is the same constancy in the divisor of the amylin or non-re- 
ducing portion of the products of hydrolysis. . 

Be that as it may, however, there can be no doubt that by making 
use of the calculated dextrin curve given, and that of maltose, we can 
at all times determine within certain limits of concentration, and with 
a close approximation to accuracy, the divisor (and of course if required 
the density in solution) of any mixed products of the hydrolysis of starch 
prepared with diastase, provided always we know the apparent per- 
centage of maltose, either through the specific rotation or the cupric 
reducing power. 

In proof of this proposition, we have given below the calculated 
and observed divisors respectively of the mixed products of starch- 
hydrolysis for three transformations determined by the evaporation 
method. These are transformations occupying very different positions 
in the range between soluble starch and maltose, and are those of 
which the curves are given in the Table. The calculations are made 
for four different specific gravities of solution. 


TaBLE VII.—7Zhe observed and calculated divisors of three 
starch-transformations. 


Sp. gr. 1020. Sp. gr. 1040. Sp. gr. 1060. Sp. gr. 1080. 


Calculated. 
Observed. 


| Difference. | 
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The following general formula is applicable for the determination of 
the divisor for the mixed products of the hydrolysis of starch wher the 
value of R (apparent percentage of maltose) is known. 


RS , » RS\,, 
ee (8 - i90)¢ 
S 

in which 

S = the specific gravity of the solution of the mixed products of the 
hydrolysis of starch at 15°5° after deducting 1000 (water at 15°5° — 
1000). 

R = the apparent percentage of maltose. 

RS 


Si B .- 
is made up of 100 


d' = the divisor for maltose at a concentration of ay This value is 


obtained from the maltose curve on Plate I. 

d" = the divisor for the dextrin or amylin constituents at a concen- 
tration of — This value is obtained from the amylin or dextrin 
curve shown by the broken line on Plate I. 

D = the required divisor for the mixed products of starch- 
hydrolysis. 


For practical use in the examination of starch-transformations, we 
have calculated, by means of the above formula, the divisors of the 
mixed products of starch-hydrolysis for specific gravities of 1010, 
1020, 1030, and 1040, and for increments of 5R between R=0 and 
R=100. If the specific gravity of any mixture of starch-transforma- 
tion products has been determined within these limits of concentration 
and the approximate value of R (which may, if desired, be obtained 
by the 3°86 divisor), we can at once, by reference to this Table (p. 84), 
find the appropriate divisor for the determination of the grams of 
solid matter per 100 c.c. 
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TaBLe VIII.—TZhe divisors for the mixed products of the hydrolysis y 
starch corresponding to R and [a]p. 


R. _|Sp. gr. 1010. Sp. gr. 1020. /Sp. gr. 1080.|Sp. gr. 1040, 


4°038 4°031 4°023 4°015 
4°033 4°027 | 4°020 4°013 
4°029 4°023 4°017 4°010 
4°024 4°019 | 4°013 4°008 
4°019 4014 4°010 4°005 
4°014 4°011 4°006 4°001 
4°009 4°005 4°002 3°997 
4 004 4°001 3°997 3°993 
3°999 | 3°996 | 3°992 3°989 
3°994 3°991 3°987 3°985 
3°989 | 3°986 3°983 3°979 
3°984 3°980 | 3°977 3°974 
3°979 3°975 3°972 3°969 
3°973 3°970 | 2°966 3°963 
3°968 3964 3°961 3 957 
3°962 3°958 3°955 3°951 
3°957 3°952 3°948 3°945 
3°951 3°946 3°942 3°938 
3°945 3°940 3°935 3°931 
3°939 8°934 3°929 3°924 


II.—The Determination of Specific Rotatory Power. 


The photogyric properties of a substance in solution, that is, the 
properties in virtue of which the substance is capable of rotating the 
plane of a linear polarised ray of light, are referred, for purposes of 
comparison, to a standard concentration and a standard length of 
column of the solution. 

The specific rotatory power of an optically active substance in 
solution may be defined as the angle through which a linear polarised 
ray of light of definite refrangibility is rotated by a column, 1000 
millimetres in length, of a solution containing 10 grams of the sub- 
stance in 100 c.c. 

For the determination of specific rotatory power we must know, 


a. The observed angle of rotation for a ray of definite refrangi- 
bility ; 

c. the concentration of the solution expressed in grams per 
100 c.e. ; 


L. the length of the column of the solution in millimetres. 


The specific rotation [a] is then expressed by the formula 


4 
[a] = 20. 
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It will be convenient in the first place to consider the value of c in 
the above formula. "Where absolute accuracy is required, as, for 
instance, in the determination of the specific rotation of a pure sub- 
stance and its variation under different degrees of concentration 
ina given solvent, we must substitute for c the number of grams 
of substance contained in 100 true c.c. of the solution. If 
we denote the density of the solution at 15:5°, referred to water at 
15°5°, by d 15°5°/15°5°, and the percentage weight of the substance in 
solution by p, then d 15°5°/15°5° x p equals the number of grams of 
substance in 100 reputed c.c. at 15°5°: that is, in a volume of the 
solution equal to that occupied by 100 grams of water at 15°5°, 
weighed in air. This is, of course, as we have already seen, not 
exactly the same thing as grams per 100 ¢rwec.c. In order to convert 
“reputed” into true c.c. we must ascertain the density of the solution 
at 15:5° referred to water at 4°, with due correction for air displace- 
ment. If we express this by d 15°5°/4° the concentration will then be 
expressed by c=d 15°5°/4° x p. 

A near approach to accuracy will be attained, as we saw in the last 
section, by multiplying the grams in 100 reputed c.c. at 15°5° by the 
factor 0°99802. 

The following formula, as given by Landolt, is of general application 
for determining the value of d ¢°/4°, where ¢° represents the temperature 
at which the density of the solution has been determined with reference 
to water at the same temperature. 


a 
1 14° x - -§ 5 
d ¢°/4 w (2 )+ 


= the weight of water ; 
the weight of an equal volume of the solution ; 
= the density of water at ¢°, that of water at 4° being taken 
as unity ; 
the weight of 1 c.c. of air in grams. 


For 6 the value of 0:00119 may be taken for temperatures between 
10° and 25°, and at barometric pressures between 720 and 770 mm. 

The value of a varies with the refrangibility of the linear polarised 
ray, and it is therefore necessary in expressing [a] to specify the 
position in the spectrum of the particular ray employed in the 
determination. 

There are two systems of notation in use at the present time. In 
one the value of [a] is referred to the ray D of the solar spectrum, the 
specific rotation being then expressed by [a],; whilst in the other 
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notation the photogyric properties of the substance are referred to the 
so-called “‘ medium yellow ray,” the complement of Biot’s teinte sensible 
or “transition tint,” in which case the specific rotation is expressed 
by [a];. In the determinations of [a]p, the sodium light is used in a 
Mitscherlich, Wild, Jellett-Cornu, or Laurent instrument, and the 
angular rotation produced by the solution is determined in degrees 
of arc. The scale is consequently a natural one, and differences of 
rotatory dispersion in the substances examined do not interfere with 
the comparison of results. 

The determinations of [a]; are made by the aid of neutral-tint or 
half-shade polarimeters, such as the older instruments of Soleil, or 
their more recent modifications by Ventzke and Scheibler. The scale 
divisions of these instruments are of an arbitrary character, and have 
to be converted into angular values before specific rotations can be 
calculated. It cannot be too clearly borne in mind that the readings 
given by all such instruments are based on the rotation value of a 
quartz plate, cut perpendicular to its optic axis, and that no matter 
what the arbitrary scale employed may be, the readings must in the 
first place necessarily be in terms of the rotation of quartz for a plate 
of definite thickness. These instruments have also the disadvantage 
that, without proper reduction of the readings, they cannot be used for 
the comparison of the rotation values of different substances which 
happen to have a sensibly different power of rotatory dispersion from 
that of quartz. This fact was fully recognised in the early days of 
the original Soleil instruments, and is very clearly expressed in the 
writings of Biot, on whose discoveries the saccharimeter of Soleil was 
based. 

In his earlier work, O'Sullivan used a Soleil-Duboscq instrument for 
the determination of [a];,in which 100 divisions of the scale corre- 
sponded to 24° of arc, this being the angular rotation experienced by 
Biot’s “medium yellow” or jawne moyen ray (as determined by the 
transition tint) in traversing a quartz plate of 1 mm. in thickness, 
cut perpendicular to the optic axis. 

In the Soleil-Duboscq instrument as improved by Ventzke and 
Scheibler, the direct dependence of the graduation on quartz values 
was somewhat obscured, 100 scale-divisions being made to correspond 
to the amount of rotation experienced by the “ medium yellow” in 
passing through a column of a solution of pure cane-sugar 200 mm. 
in length, containing 26-048 grams of cane-sugar per 100 c.c. at 17:5’. 
Such a solution has a specific gravity of almost exactly 1100 (water at 
17°5°=1000). The readings for cane-sugar in these instruments con- 
sequently correspond closely to the specific gravity of the solution less 
1000. ‘There is no special advantage for general purposes in this 
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change of graduation, and it has been rather an unfortunate one, as 
tending to obscure the fundamental fact underlying the construction 
of such instruments, that observations made with them are in reality 
all referred to the photogyric properties of a definite thickness of 
quartz. In the old Soleil-Duboscq instrument, as we have already 
said, each scale-division was equal to the rotation experienced by the 
“medium yellow ” or jaune moyen of Biot in passing through ;j5th of 
a millimetre of quartz,* that is, to a rotation of 0°24° of are. In the 
case of the later instruments which we have described as being 
standardised by a solution of cane-sugar of definite strength, the 
arbitrary scale-divisions, in order to be converted into degrees of arc, 
have also to be translated into quartz values, which can be effected by 
making use of the known relations of the rotatory power of quartz and 
cane-sugar established by Biot for his neutral or transition tint. 
When the millimetre-quartz value of 24° is taken for the transition 
tint, the specific rotatory power of cane-sugar for medium concentra- 
tions (5 to 15 grams per 100 c.c.) is found to be 73°8°, and from this 
number the value of each scale-division can of course be estimated. 
In the instrument we are now using, a half-shade Schmidt and 
Haensch, we find that 100 divisions of the scale correspond to 38°43° 
of arc, taking the photogyric value of 1 mm. of quartz for the 
transition tint at 24°. 

A considerable amount of confusion has arisen of late years with 
regard to the use of the expression “medium yellow” as applied to 
the position in the spectrum of the particular ray used in the deter- 
mination of [a];. As this has led to very contradictory statements on 
the relations existing between [a]; and [a],, we must refer somewhat 
in detail to the history of the subject in order to show how this serious 
misunderstanding arose. 

When a quartz plate cut perpendicular to its optical axis is placed 
between two Nicol prisms the “transition tint” or teinte sensible is 
observed when the principal plane of the analysing Nicol is parallel 
to the plane of polarisation of the jawne moyen ray of Biot. In this 
relative position of the polariser and analyser, the jawne moyen ray is 
extinguished, the rays which collectively form the complementary 
transition tint being alone transmitted. This may be seen by passing 
the light, as it emerges from the analyser, through a spectroscope, 
when it will be found that the spectrum is crossed by a dark band 
corresponding to the missing ray. The rotation which this ray ex- 
periences in passing through a quartz plate was determined by Biot 
and found to be 90° for a thickness of plate of 3°75 mm. or 24° for 


* In speaking of the rotatory values of quartz plates throughout this paper, it is 
understood that such plates are all cut perpendicular to the optic axis of the crystal. 
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a thickness of 1 mm. From this rotation, we can determine the 
refrangibility of the jawne moyen ray expressed in wave-lengths, by 
employing the following dispersion formula of Boltzmann, which is 
approximately accurate for rays of any refrangibility. 


4, TO7018 , 0-14983 
10®xA2 1012 x At 
where a = the angle of rotation which a given ray experiences in 
passing through a quartz-plate 1 mm. in thickness; whilst A is the 
wave-length of the ray expressed in millimetres. 

If we substitute 24 for a in the above formula, we find that the 
jaune moyen ray of Biot, as determined by its complement, the transi- 
tion tint, has a wave-length of  0:0005608. The yellow of the solar 
spectrum extends according to Thalen from A 0:000535 to A 0:000586, so 
that the true mean yellow has a refrangibility corresponding with 
A 0000560, which is identical with that of Biot’s jawne moyen. 

Up to about the year 1874, amongst those chemists who had a clear 
idea of the meaning of [a];, as distinguished from [a],, there seems to 
have been no difference of opinion as to the particular ray to which [a]; 
was referred ; it was always the jawne moyen of Biot, which is rotated 
through 24° by 1 mm. of quartz, and which, as we have seen above, is 
identical in refrangibility with the true mean yellow of the solar 
spectrum. 

In or about 1874, the innovation was made which has resulted in so 
much confusion, and which has practically introduced a totally different 
set of values for [a];, It has not hitherto been recognised that we 
have at the present time two different ways of expressing specific 
rotation as [a];, and that these two systems, in which exactly the same 
symbol is used, are not even referred to the same ray of the spectrum, 
and that consequently they bear quite different relations to [a]p, even 
for substances of exactly similar rotatory dispersion. 

As far as we have been able to ascertain, it was Montgolfier who 
was in the first instance responsible for this serious confusion. 

In a paper published in 1874 entitled “Pouvoirs Rotatoires du 
camphre, et de quelques autres corps” (Bull. Chim., Soc. 22, 487), 
after justly calling attention to the confusion which at that time still 
existed amongst certain authors as to the expressions [a]; and [a]p, he 
proceeds to discuss the relative rotation, for the same substance, of the 
D ray on the one hand, and of the jaune moyen of Biot on the other. 
It is not at all clear from the description how the comparison was 
made, but for the determinations of the rotation of the D ray he 
appears to have used a Cornu instrument. 

At the commencement of the table in which the results of his 
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experiments on sugar and camphor are given, he correctly states that 
the rotation of the D ray in passing through a quartz plate 1 mm. thick 
is 2167°, but he gives the rotation of the jawne moyen of Biot, deter- 
termined by the transition tint, as 24°5° for the same thickness of 
quartz, instead of 24° as determined by Biot himself. In the column 
headed “ Rapport’des deviations ” he gives 1 : 1-048, with Broch’s name 
attached to it, whilst the relations of the two rotations for a series of 
by no means concordant experiments with cane-sugar vary from 
11167 to 1:1350. The important point, however, to bear in mind is 
that we here have for the first time a reference of the rotation of 
Biot’s jaune moyen, not to the millimetre-quartz value of 24°, as 
originally determined, but to a ray of decidedly higher refrangibility 
with a millimetre-quartz rotation of 24°5°. 

It is not difficult to see how this value of 24:5° was arrived at. It 
is the exact arithmetical mean of the rotation experienced by the D 
ray and the E ray of the solar spectrum in passing through 1 mm. of 
quartz; the rotation of D being 21°67°, and of E 27-4° under these 
conditions, and to this ray the term “ medium yellow” was improperly 
applied as a synonym for Biot’s jawne moyen, although it is a ray of 
quite a different refrangibility. 

Unfortunately Landolt, in his book on the Polariscope, adopted the 
same ray as Montgolfier had done for the ‘‘ medium yellow,” objecting 
to the “ transition tint ” as corresponding to no sharply-defined ray, 
but he fails to draw attention to the important fact that if values of 
[a]; are referred to this new ray they cannot be directly compared 
with determinations made on the basis of Biot’s jaune moyen. For 
instance, the specific rotatory power of cane-sugar for a certain 
medium concentration is [a]; 73°8° if we refer it to the true medium 
yellow of Biot; but if the specific rotation is to be referred to 
Montgolfier and Landolt’s “medium yellow” the value becomes 

Oat 
or x 73°8° = 75°3°, a very serious difference. 

The value of each scale division of the Ventzke-Scheibler or any 
similar instrument when expressed in degrees of are will also be 
materially influenced by the particular “medium yellow” we chose to 
refer to. If one scale division, as on our instrument, is equal to 


0°3843° for Biot’sray, it will correspond to = x 0°3843° = 0°3923° for 


the so-called “medium yellow” of Montgolfier and Landolt.* It is 


* These facts must be carefully borne in mind when reading Landolt’s book on the 
polariscope, as he altogether omits calling attention to the important results which 
follow from a selection of a ‘‘ medium yellow” of different refrangibility from Biot’s 
original ray. 
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most important to remember these facts when the ratio of [a]; to [»], 
is discussed, as we shall have occasion to see later on. 

We have already stated that some objection has been made to the 
employment of Biot’s jawne moyen ray on the ground that it is nota 
ray of very definite refrangibility. This is, however, by no means a 
valid objection, since the wave-length admits, as we have seen, of 
being calculated from the known rotation for a given thickness of 
quartz. This original ray of Biot has, in fact, as great a title to 
definite refrangibility as the substituted ray of Montgolfier, and has 
the extra advantage of really being what its name implies, the true 
medium yellow of the solar spectrum, that is, a ray with a wave-length 
of 0:0005608, which is almost exactly intermediate between the value 
of X for the sodium and thallium lines. Montgolfier, on the other 
hand, and more recently Landolt and others, have, for [a]; determina- 
tions, made use of a ray having certain relations to the lines D and E, 
which bound a portion of the spectrum somewhat more extended than 
the yellow as defined by Thalen. They have not, however, chosen the 
ray intermediate in wave-length between D and E, but have taken the 
one which undergoes an intermediate or about an intermediate amount 
of rotation on passing through 1 mm. of quartz. The wave-length of 
this empirically chosen ray, which, unlike the D ray, or the jaune 
moyen of Biot, corresponds with no ray employed in any existing 
instrument, can of course be calculated with the aid of Boltzmann’s 
dispersion formula from its millimetre-quartz rotation value of 24:5". 
We find it to be A 0:0005553, so that the Montgolfier ray for [a]; lies 
considerably on the green or more refrangible side of the true medium 
yellow, whilst the Biot ray, on the other hand, as determined by 
the transition tint, corresponds very closely with the true medium 
yellow. 


III. The Relation of [a]; to [a]p, 


It will be evident from the remarks in the foregoing section, that 
in speaking of [a]; and the relations which exist between this and 
[a]», we shall in future have to specify to what particular ray in the 
yellow the [a]; value is referred, whether on the one hand to the true 
medium yellow or jaune moyen of Biot, with a wave-length of 0:0005608, 
and a millimetre-quartz rotation of 24°, or on the other to the so-called 
medium yellow of Montgolfier and Landolt, with a wave-length of 
0°0005553, and a millimetre-quartz rotation of 245°. Where there is 
any chance of confusion we shall refer to the former as [a]; Biot, and 
to the latter as [a]; Montgolfier. 

As the determinations of both values of [a]; are dependent either 
directly or indirectly on quartz values, it is manifest that there can 
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be no constant factor applicable to the reduction of [a]; to [a]p in the 
case of substances whose rotatory dispersion sensibly differs from that of 
quartz. There will be a constant factor for each separate substance 
under these circumstances, but it will not be applicable to a series of 
substances unless they are of equal rotatory dispersive power. 

With the exception of cane-sugar, there are but few of the carbo- 
hydrates which have had their rotatory dispersive powers compared. 

The specific rotation of cane-sugar for rays of different refrangibility 
was investigated by Arndsten (Ann. Chim. Phys., 1858, [3], 54, 403) 
and by Stefan (Sitz. Ber. d. Wiener Akad., 52, ii, 486), who used 
Broch’s spectroscopic method. Their results show the almost abso- 
lute identity of the rotatory dispersion of cane-sugar and quartz 
throughout the whole visible spectrum. Quite recently the subject 
has been further investigated by Landolt (Ber., 1894, 2'7, 2872), who 
employed a new method based on the direct determination of the 
angular deviation of rays of definite refrangibility obtained by passing 
white light through a series of coloured screens. Landolt has in 
this way been able to still further confirm the exact correspondence 
of quartz and aqueous solutions of cane-sugar as regards rotatory 
dispersion. 

A comparative determination of the specific rotatory power of 
dextrose for different rays was made by Hoppe-Seyler in 1866 (Zeits. 
anal. Chem., 1866, 412). His results indicate that the rotatory disper- 
sion of dextrose, whilst closely approximating to that of quartz, and 
consequently of cane-sugar, is really very slightly greater. 

Bearing in mind the identity of the rotatory dispersions of cane- 
sugar and quartz, it is evident that the factor necessary to convert 
[a]; Biot into [a], in the case of cane-sugar will be identical with the 
ratio of the rotations experienced by the D ray and jaune moyen ray 
respectively in passing through quartz plates of equal thickness. The 
D ray in passing through a quartz plate 1 mm. thick is rotated, 
according to Broch, Stefan, and to Wild, through 21-67°, whilst the 
jaune moyen, according to Biot, is rotated through 24° under the same 
conditions. The ratio of these numbers is 1 : 1:1075, and the latter 
number is the factor to be applied in converting values of [a]; Biot 
into [a] in the case of all substances having an equal rotatory disper- 
sion to that of quartz or cane-sugar. 

The factor for the conversion of [a]; Montgolfier into [a], with 
the same limitations as regards dispersion will of course be 
24:5/21°67 = 1:130. 

It will be seen that there is sufficient difference in these two factors 
to cause grave errors in the conversion of one notation into the other 
if the facts we have stated are not kept constantly in mind. It is, for 
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instance, by no means an unusual thing to find papers published within 
the last ten or fifteen years in which the factor applicable only to 
[a]; Montgolfier has been used for the conversion of [a]; Biot 
into [a]p. 

In considering how far the factors 1:1075 and 1:130 are applicable 
to the carbohydrates with which we have most to do in this particular 
investigation, we have in the first place to satisfy ourselves’ as to 
whether the carbohydrates produced during starch-hydrolysis differ 
sensibly from cane-sugar in rotatory dispersion. Unfortunately, we 
have very few published data from which any conclusions can be 
drawn. It occurred to us, however, that if the carbohydrates of 
starch-hydrolysis differ in rotatory dispersion from cane-sugar to a 
sufficient extent to be of any practical moment, this ought to become 
evident by a direct comparison of the various solutions in a Ventzke- 
Scheibler quartz instrument, and in a sodium-light instrument such as 
the Jellett-Cornu or Laurent. 

If we are dealing with a series of substances which do not differ 
inter se in rotatory dispersion, then, no matter what the actual differ- 
ences may be in the specific rotatory powers, the number of scale- 
divisions of the Ventzke-Scheibler instrument (in which we measure 
the rotation of the jaune moyen ray) corresponding to a degree of arc 
of the sodium-light instrument ought always to be the same. If 
there is not this correspondence, it can only be due to the fact that 
the rotatory dispersions of the different substances are not identical. 
This method of comparison will also give us the factor to be used for 
each substance in converting [a]; into [a]p or vice versa. 

Through the kindness of Dr. Armstrong, who put his fine Jellett- 
Cornu polarimeter at our disposal, we have been able to make careful 
comparisons of this kind with solutions of (1) cane-sugar, (2) dextrose, 
(3) maltose, and (4) the mixed products of starch-hydrolysis apparently 
containing 80 per cent. of maltose and 20 per cent. of dextrin. The 
last-mentioned solution had a specific rotation of [a] js, 162°:0. 

Numerous closely concordant readings of each solution were taken 
in each polarimeter successively, using a 200 mm. tube, which was 
interchangeable with the two instruments. 

The circle-readings of the Jellett-Cornu were taken in two parts of 
the scale 180° apart, in order to correct for any irregularities in the 
cale-spar prisms, and all care was taken to make the comparisons as 
rigorous as possible. It is unnecessary to give the details of the 
observations, which are summarised below. 

Column A gives for each separate solution the result of dividing 
the scale reading of the V.-S. instrument by the circle reading of the 
Jellett-Cornu polarimeter : it consequently represents the number of 
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V.8. scale divisions corresponding to 1° of the sodium-light instru- 
ment. 

Column B gives the value of a scale division of the V.-S. instru- 
ment expressed in terms of ray D. 

Column C gives for each solution the ratio of [a]; Biot to [a]p. As 
cane-sugar and quartz have exactly the same rotatory dispersion, the 
ratio in this case is 24/21°67=1-:107, and on this basis the other 
figures in this column are made proportional to those of column A. 
These ratios of column C can also be obtained by dividing the results 
of column B into 0°3843, which gives the angular value of each scale 
division of the V.-S. instrument expressed in terms of Biot’s jaune 


moyen. 
Column D gives the ratio of [a]; Montgolfier to [a], in each case. 


TABLE IX. 


A. 3 ; D. 


Cane-sugar .c. 2°882 ° 17130 
Maltose .c. | 2°899 ; 1°136 
2°892 ‘ 1°134 

2°904 q 1°138 

2°894 ; 1°134 


Starch-products ......... c, | 2°891 1°134 
SD ed 1c. | 2895 34! 1-134 


” 99 


It will be observed that there are slight but sensible differences 
between cane-sugar and the other carbohydrates examined, and these 
can only be explained by assuming that cane-sugar is slightly less 
dispersive than the other substances. The factor 1:107 for the conver- 
sion of [a]; Biot into [a], is only strictly correct for cane-sugar, and is 
slightly too low for the other carbohydrates examined, for which the 
factor 1111 is more nearly correct. This is the value we have 
adopted for the translation of [a]; Biot of starch-products into [a]p, 
whilst 1-134 represents the ratio of [a]; Montgolfier to [a]p, for starch- 
products somewhat more accurately than does the cane-sugar factor 
1°130. 

It was only after planning and completing the above experiments 
that our attention was directed to a paper by Landolt published in 
1888 (Ber., 21, 191) in which he mentions that he has applied the 
same process of comparison to cane-sugar, milk-sugar, dextrose, invert- 
sugar, cholesterin, and turpentine oil, using a half-shadow V.-S. 
quartz instrument by Schmidt and Haensch, and two polaristrobo- 
meters of Laurent and Lippicb. The results are given only in the 
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form of the values of one division of the V.-S. instrument in degrees 

of the sodium-light instruments, and are comparable with column B 

of the above table. He obtains for cane-sugar the value 0°3465, and 

for dextrose the value 03448, numbers remarkably close to our own, 

and indicative of the same want of exact correspondence of the’ 
rotatory dispersion of these two carbohydrates. 

We have still to consider the relation of the [a]; values to those of 
[a]) in cases where the former value has been determined on the 
solids deduced from a divisor which differs sensibly from the true 
divisor. In order to convert values of [a]js..,, for instance, into 
[a]p, it is not sufficient merely to know the above-mentioned optical 
relations of [a]; to [a]), but we must know also the true divisor for 
the solids at the particular concentration at which the determination 
is made. The true value of [a]; is then obtained by raising the 
[a]js-g, Value in the proportion of 3°86 to the true divisor, and 
[a], is deducible directly from the result by applying the optical rela- 
tions of [a]; to [a] given above. 

This will be evident from the following example. 

The specific rotatory power of maltose, in a 5 per cent. solution, 
when calculated on the basis of the 3°86 divisor for the solids, is 
[a] js-3g 150°5°. On reference to the maltose curve of Plate I, we find the 
true divisor for maltose at this concentration is 3°934, and as the 
optical relations of [a]; to [a], for a substance of the dispersive power 
of maltose are as 1°111:1 the value of [a], for maltose calculated in 
this manner will be 


150°5 x 2934 


——_—_. }*]]] = . 
3-86 1-111 = 138-05 
The following general formula is applicable to the products of starch- 

hydrolysis for the conversion of [a];,.s, Biot into [a]p. 

D 

Lap = [a]js-s5 x 386 Veli 
where D, which is obtained by inspection of Table VIII., p. 84, is the 
true divisor for the particular grade of transformation, and for the 
particular concentration of the solution. 


IV. The Determination of the Cupric-reducing Power. 


In determining the important factor of the cupric-reducing power 
of the products of starch-hydrolysis, we have hitherto adopted a 
modification of the gravimetric method, described by C. O’Sullivan in 
1876 (frans., 1876, ii, 130), and provided the conditions under which 
it is carried out are exactly defined and followed, it is one which is 
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capable of yielding very consistent and concordant results. Careful 


attention must, however, be paid to the following points. 

(1). The exact composition of the Fehling’s solution, especially as 
regards the nature and amount of the alkali it contains. 

(2). The degree of dilution of the Fehling’s solution. 

(3). The restriction of the amount of copper reduced within certain 


prescribed limits. 
(4). The mode of heating the solution and the time occupied in 


reduction.* 
When all these conditions have been definitely fixed for any par- 


ticular reducing sugar, and the amount of Cu or CuO corresponding to 
1 gram of the sugar under these conditions has been determined, there 
must be no deviation from them in any analytical process. If for any 
reason a deviation becomes necessary’ the reducing power of the 
sugar in question must be again determined under the altered con- 


ditions. 
The following are the normal conditions under which all our deter- 


minations are made. 
1. Composition of the Fehling’s solution, in grams per litre.t 


* An extremely important paper on the action of alkaline copper solutions on the . 
sugars has recently been published by J. Kjeldahl (Réswmé du Compte-rendu des 
travaux du laboratoire de Carlsberg, 4™° vol., 1"° livr. 1895), in which the influence 
of varying conditions on the amount of copper reduced is very fully discussed. It 
is shown that the amount of copper reduced by any given amount of sugar is 
appreciably decreased as the surface of liquid exposed to the air is increased ; that 
within certain wide limits the amount of soda has little influence on the reducing 
power of dextrose, but with maltose and lactose a different proportion of soda 
exercises a considerable effect on the amount of copper reduced ; that the longer the 
liquid is heated the greater the amount of reduction, this being apparently due to 
spontaneous reduction ; that the extent to which spontaneous reduction takes place 
depends on the dilution of the Fehling’s solution; that the amount of copper 
reduced by a given weight of sugar is greatly influenced by the state of dilution of 
the Fehling’s solution: the greater the dilution, the smaller the reduction. 
Kjeldahl also gives an elaborate series of tables showing the amount of copper 
reduced by different weights of dextrose, levulose, invert-sugar, galactose, lactose 
and maltose under varying conditions. In making the determinations, Fehling’s 
solution of the same composition as that used by us was taken, but the heating was 
continued for 20 minutes, and all the reductions were made in hydrogen, the result 
being that Kjeldahl’s values for maltose are about 6 per cent. higher than those 
obtained by our method. We shall refer more fully to this work of Kjeldahl in a 
subsequent paper. 

+ As Fehling’s solution is very prone to undergo change, it is essential that 
it should either be freshly prepared for each series of experiments, or be stored in 
two solutions and mixed when required. In the latter case, the above quantity of 
copper sulphate is dissolved in 500 c.c. of water, and the Rochelle salt and alkali in 
a similar volume ; the two solutions are then mixed in equal volumes immediately 


before each determination is made, 
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Recrystallised copper sulphate 34°6 grams. 
RT OT La eee Pee . ee on 
Anhydrous sodium hydroxide - 


As the oxidising power of the solution is very sensitive to small 
changes in the amount of alkali present, great care must be taken to 
ensure accuracy in the above weight of sodium hydroxide.* The 
influence of varying amounts of alkali will be more fully referred to 
later. 

2. The degree of dilution of the copper solution, after taking into 
account the volume of the sugar solution added, is one part of 
Fehling’s solution to one part of water; 50 cc. of the undiluted 
Fehling being used in each experiment, and made up to 100 ce.c. 

3. An amount of the reducing sugar is taken which will give a 
weight of CuO lying within the limits of 0°15 to 0°35 gram. 

4, The diluted Fehling’s solution is heated in a small beaker,f in a 
boiling water bath until the temperature is constant, and then the 
weighed or accurately measured volume of liquid containing the 
reducing substance is added, and the heating in the water bath 
continued for exactly 12 minutes, the beaker being covered with a 
clock glass during the whole period of heating. The filtration is per- 
formed as rapidly as possible through a Soxhlet’s tube under reduced 
pressure, and the cuprous oxide is either oxidised to CuO in a stream 
of oxygen, or is weighed as Cu after reduction in hydrogen. 

As the most carefully prepared Fehling’s solution always gives a 
very slight precipitate of cuprous oxide on heating, due to spontaneous 
reduction, it is necessary that this should be determined for every 
fresh batch of the solution, and be allowed for in the final result of each 
determination. This spontaneous reduction usually amounts to from 
0002 to 0°003 gram of CuO per 50 c.c. of Fehling’s solution em- 
ployed. 

Tn order to conveniently compare the reducing power of various 
substances, it has been usual to refer the results to some definite 
standard, which is either that of dextrose or of maltose. ©. O’Sullivan 
adopted deatrose as his standard, and referred the reducing powers of 


* The nature of the alkali in the Fehling’s solution is also important in dealing 
with the cupric-reduction of maltose and the starch-transformation products. This 
has recently been well shown by Glendinning (Trans., 1895, 67, 999—1002), who 
obtained considerably higher results when potassium hydroxide was substituted for 
the sodium compound. Jt is necessary to bear this in mind, as in some analytical 
works the formula for Fehling’s solution contains potash in place of soda. 

+ It is important that the beaker used should always be of the same size and 


shape. In all our experiments the surface of the liquid had an area of 44 square 
centimetres, 
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all substances to it, He took its specific reducing power as 100, and 
then a substance which had half the reducing power of dextrose, 
weight for weight, was said to have a specific reducing power of 50, 
whilst a substance having, say, one-tenth the reducing power of dextrose 
had a specific reduction of 10,and so on. O’Sullivan used the symbol 
K to express the specific reducing power so found, and in our previous 
papers we have used the symbol x to express the same value. When 
the solid matter, on which the reductions were calculated, was found 
by the 3°86 divisor, we have expressed this fact, just as we have done 
in the case of the specific rotatory power, by appending the figures 
3°86 to the symbol. Thus xz..,=25 means that the reducing power 
of the substance is one-quarter that of dextrose when the solid matter 
is determined by the 3°86 divisor. 

In referring the reducing power of the sugars to dextrose, O’Sullivan 
stated that, under the particular conditions he employed, one gram of 
dextrose reduced exactly 2:205 grams of CuO.* We find, however, 
that this value is only obtained if we employ conditions of reduction 
differing materially from those laid down above as our standard con- 
ditions for the estimation of the reducing power of starch-transforma- 
tion products. Thus, the commonly accepted value of 2205 grams of 
CuO per gram of dextrose is only correct when the Fehling’s solution 
is diluted with considerably more water than that given above, when 
nearly the whole of the copper present is reduced, and when the 
amount of alkali in the Fehling’s solution is less than 65 grams per 
litre. Under our conditions, the amount of CuO reduced by one gram 
of dextrose varies between 2°558 and 2°321 grams, the exact amount 
depending on the extent to which reduction takes place. We shall 
refer more fully to this in a subsequent paper. 

Notwithstanding the fact that the ratio of 2°205 : 1 does not represent 
the true relation of CuO reduced to dextrose oxidised when working 
under our standard conditions of reduction, yet this does not in the 
least stultify the values of K or x, which have been given by 
O'Sullivan and ourselves in previous papers. It is only necessary to 
remember the basis to which the values are referred, and then there is 
no reason why this basis should not be a purely arbitrary one. As we 
shall presently show, one gram of maltose, estimated by the 3°86 
factor, reduces under our standard conditions almost exactly 1-345 
gram of CuO, and so long as this value is constant it is immaterial on 
what basis it is expressed, provided, of course, that all results are 
referred to the same basis, and that this is clearly stated. Thus, on 
the 2:205 basis the cupric-reducing power of maltose is 


* Since the above was written, C. O’Sullivan and A. L. Stern have shown (Trans., 
1896, 69, 1691) that under their standard conditions 1 gram of dextrose reduces 
about 2°306 grams of CuO. 

VOL. LXXI, H 
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1°345 x 100 
2°205 


and ve have, therefore, hitherto always taken the x;.,, of maltose as 
61:0. 

In order to convert the x3... values for maltose into absolute values, 
it is only necessary to raise the former in the relation of the true 
divisor for maltose for the solution employed (which may be obtained 
from the maltose curve of Plate I, p. 80) to 3°86. Thus if M be the true 


=61°0, 


divisor, then ‘ra~X x absolute. 


Under the conditions which give us «;..,=61°0, we find that the 
value of «x expressed on the true weight of anhydrous maltose is 62:1. 

Another mode of stating the specific reducing power has been 
adopted, among others, by C. J. Lintner. It is one which is certainly 
very convenient in the case of starch-conversion products, although 
not applicable to all reducing substances. It consists in expressing 
the amount of Cu or CuO reduced by 1 gram of anhydrous maltose 
as 190, and calculating all other quantities of Cu or CuO as a percent- 
age on this amount. The symbol R is adopted for this value, and the 
specific reducing power of pure maltose is then R=100, whilst a sub- 
stance 1 gram of which reduces half the amount of copper reduced 
by 1 gram of maltose has R=50, and so on. 

Ths _ »nversion of K or « into R is very simple when we have to do 
with the absolute value for the former, since by calculating the 

«x 100 


percentage of maltose we also get R, thus = R (or the percent- 


age of maltose). 

When we have to deal with x,..,, however, the conversion is not 
quite so simple, since we have to take into account the true divisor for 
the strength of the solution used. The calculation is then expressed 
by the following equation, where M stands for the true divisor for 


maltose— 
K3-9g X M x 100 


3°86 x 62°1 


=R. 


The foregoing considerations apply particularly to solutions of 
maltose, but when we have to deal with starch-conversion products 
the problem becomes more complicated, owing to the solution-densities 
of the individual constituents differing considerably from each other, 
as has been shown in a previous section. In this case, when we 
require to convert xs. into R, it is necessary to multiply the apparent 
percentage of maltose, deduced from kg., by the ratio of the true divisor 
for the starch-products to the true divisor for maltose. These factors 
can be obtained from the maltose curve and the table given on page 84, 


aoe oooo20occeo 
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and then, if S be the divisor for the mixed starch-products and M the 
true divisor for maltose, the equation becomes 
Kgeg% 100 x8 
~ 610xXM 
In the following table, we give some results obtained by reducing 
Fehling’s solution with maltose under our standard conditions. The 
determinations were made exactly as previously described : 50 c.c. of 
Fehling’s solution were diluted to 100 c.c. with the sugar solution and 
water, and the heating was continued for 12 minutes. The quantity 
of sugar added was so arranged that the amount of copper weighed 
varied from 0°080 to 0°315 gram. The final results are expressed as 
K3a¢) k absolute, and R. 
TaBLeE X.—Cupric-reduction of Maltose. 


Maltose 
by 3°86 
divisor. 


Maltose 


absolute. 


Cu. 


weighed. 


CuO cor- 
respond- 
ing to 
1 gram of 
3°86 
maltose. 


CuO cor- 
respond- 
ing to 
1 gram of 
absolute 
maltose, 


Kabsolute. 


1°377 
1°389 
1°412 
1°413 
1°347 
1°349 
1°366 
1°396 
1°365 
1°410 


1°354 
1°366 
1°389 
1°390 
1°325 
1'327 
1°344 
1373 
1°341 
1'385 


1°381 
1°371 
1°376 
1°373 
1'378 
1°375 
1°377 
1°383 


1°359 
1°349 
1°354 
1°350 
1°356 
1°352 
1°355 
1°361 


1°371 
1°373 
1°365 


1°348 
1°351 
1°341 


1°363 
1°367 
1°371 
1°363 


1°340 
1°343 
1°348 
1°340 
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Is will be seen that with an increasing weight of Cu, there is a 
slight decrease of CuO corresponding to 1 gram of maltose, but it 
may be taken that between the limits of 0:150 and 0300 gram of 
copper the amount of CuO reduced by 1 gram of the sugar is practi- 
cally the same, the mean values between these limits being k3.6= 
61°14, « absolute = 62°24, and R=99°9. 

From the above experimental data, we have constructed the follow- 
ing table for the reducing power of absolute maltose. The table 
commences with 70 mgms. of the sugar, and rises by increments of 
5 mgms. to 300 mgms., giving the amount of Cu and CuO reduced 
by each weight, and the amounts of Cu and CuO respectively 
reduced by 1 gram of the sugar when the respective quantities of 
copper or copper oxide are weighed. 


TasLe XI.—Reducing values of varying quantities of Maltose under 
Standard Conditions. 


Cu weighed, grams. 
CuO weighed, 
CuO corresponding 
to 1 gram maltose, 
Cu corresponding 
to 1 gram maltose. 
CuO corresponding 
to 1 gram maltose. 


grams. 
CuO weighed, 


Maltose, mgms. 
grams, 
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With the aid of the foregoing table we can easily calculate the 
reducing power, R, of any starch-conversion product. ‘The necessary 
quantity of the solution of the substance is accurately measured or 
weighed, and the amount of solid matter corresponding to this measure 
or weight is ascertained from the specific gravity and true divisor for 
the solution. The latter is obtained from the table given on p. 84, 
section I, The amount of copper or copper oxide given by this amount 
of substance is converted into maltose by means of the above table, 
and this is then calculated as a percentage on the amount of solid 
matter taken. The result is the reducing power, expressed as R. 
An example will perhaps make this clearer. 

11°846 c.c. of a solution of specific gravity 1020°37 gave 0°1934 
gram of metallic copper. The true divisor for a solution of this 
sp. gr. is 4°01, therefore 100 c.c. (reputed) contains 5:0798 grams of 
solid matter, and 11°846 c.c., the quantity taken for the determination, 
06016 gram. But on reference to the above table we find that 
0:1934 gram of copper corresponds to 0°1765 gram of maltose, 
Therefore 


The reducing power may also be determined by calculating the 


weight of copper or copper oxide into grams per 100 c.c., and then 
using the gram equivalent, corresponding to the copper precipitated. 
Supposing in the above instance the copper had been weighed as CuO, 
the quantity per 100 ¢.c. would then be 2°047 grams. From the above 
table the amount of CuO corresponding to 1 gram of maltose, when 
the reduction is carried to the point of this experiment, is 1:3717. 
Then 


2-047 


—_— * 
T3717 x5-0798 = = R- 


We have already referred to the necessity, especially when dealing 
with maltose and starch-conversion products, of keeping the amount 
of sodium hydroxide constant in the Fehling’s solution In some 
formule for this solution, the amount of alkali used is 52 grams, 
and the following results show the influence of this decreased amount 
of sodium hydroxide. The solution was made up as before, with the 
exception that 52 grams, instead of 65 grams, of anhydrous soda were 
used, The determinations were carried out in exactly the same 
manner as those given in the previous table, and the results are 
expressed in the same way. The quantities of copper weighed fall 
practically within the same limits as in the previous series of experi- 
ments, 
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Taste XII.—Cupric-reduction of Maltose with Fehling’s Solution 
containing 52 grams of Soda per litre. 


Maltose 
by 3°86 
divisor. 


Maltose 


absolute. 


Cu 


weighed, 


CuO cor- 
respond- 
ing to 
1 gram of 
3°86 
maltose. 


CuO cor- 
respond- 
ing to 
1 gram of 
absolute 
maltose. 


Kabsolute. 


104°9 
104°0 
105°3 
104°9 


1°453 
1°441 
1°460 
1°455 


1°426 
1-414 
1°433 
1°427 


0°0814 
0°0770 
0°0788 
0°0798 


0°0701 
0°066 § 
0°0676 
0°0687 


0°0715 
0°0682 
0°0689 
0°0700 


103°8 
103°2 
104°8 
103°8 
104°9 
104°8 


1°429 
1°420 
1°442 
1°428 
1°443 
1°441 


1°405 
1°397 
1°418 
1°405 
1°416 
1°415 


0°1567 
0°1568 
0°1541 
0°1541 
0°1676 
0°1618 


0°1375 
0°1384 
0°1339 
0°1352 
0°1456 
0°1407 


0°1398 
0°1407 
0°1362 
0°1375 
0°1484 
0°1434 


105°3 
104°5 


1°442 
1°431 


1°418 
1°407 


0°3168 
0°3105 


0°2753 
0°2720 


0°2800 
0°2766 


It will be seen from the above that the specific reducing power of 
maltose throughout the series is appreciably higher than when the 
normal amount of alkali is used, and from this it also follows that 
the amount of CuO reduced by 1 gram of maltose is also greater. If 
we bear this in mind, however, results obtained with Fehling’s 
solution of the composition used in the above experiments can be 
converted with equal ease into R (the percentage of maltose). All 
that is necessary is that the mean values from the above table be 
substituted for the values given in the preceding equations, which then 


become 
Keg X M x 100 


3°86 x 65°4 


In comparing our results with those of continental workers, there 
is still an important point to be considered, namely, the manner in 
which the determinations are made. We have already described the 
method adopted by us, and generally by English workers, but the 
majority of the continental chemists, who employ a gravimetric 
method, adopt an entirely different procedure for the determination 
of the cupric-reduction of starch-conversion products. This is known 
as Wein’s method, and it appeared very desirable to make a compari- 


Kz6 x 100xS 
64:0 x M 


=R. and =R. 
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son, using identical reducing solutions, between this method and the 
one in use by ourselves. 

Wein’s method is described in a little book published by him in 
1888, entitled “‘Tabellen zur quantitativen Bestimmung der Zucker- 
arten.” This contains tables for obtaining the sugar values of varying 
quantities of copper for the majority of the reducing carbohydrates, 
but it is only with maltose that we are concerned at present. 

Wein makes up his Fehling’s solution in two solutions, which are 
prepared as follows. 

(a) Copper solution, 69:278 grams of carefully re-crystallised copper 
sulphate are dissolved in 1 litre of water. 

(6) Soda solution, 173 grams of Rochelle salt are dissolved in 400 
cc. of water, and mixed with 100 c.c. of a solution containing 516 
grams of sodium hydroxide per litre. 

These two solutions are then mixed in equal volumes immediately 
before use. The undiluted Fehling’s solution thus contains 51°6 grams 
of sodium hydroxide per litre. 

In carrying out the determinations, the quantity of Fehling’s solu- 
tion required for the sugar under examination (usually 50 c.c. are 
taken) is placed in a porcelain dish and heated to boiling over a naked 
flame. The necessary amount of the sugar solution is then run into 
the vigorously boiling liquid from a pipette, and boiling continued for 
a certain number of minutes, the exact time depending on the sugar 
under examination. After boiling for the requisite time, the precipi- 
tated cuprous oxide is quickly filtered off through a Soxhlet tube, and 
after reduction in a current of hydrogen weighed as metallic copper. 

For maltose the precise conditions are— 


25 c.c. of copper solution, 
25 c.c. of Rochelle salt-soda solution, and 
25 cc. of sugar solution, containing not more than 1 per 


cent. of maltose, 


and the boiling is continued for 4 minutes after addition of the sugar 
solution. 

Tn the following table we give the results obtained by us with the 
two methods when the same solution of maltose was employed. We 
also extended the comparison to solutions of starch-conversions of 
different types. 

In column (1) is given the volume of reducing solution used ; in (2) 
the weight of solid matter corresponding to this volume ; in (3) the 
amount of copper weighed, (a) when the determination was made 
according to Wein’s method, and (/) when made according to our 
method ; in (4) the amount of maltose corresponding to (3), (a’) calcu- 


104 BROWN, MORRIS, AND MILLAR: EXAMINATION OF THE 


lated from Wein’s tables, (0’) calculated from the table given on p. 
100 ; and in (5) the value of R, calculated on (2) (a”) from Wein’s 
results, (6”) from the results by our method. 


TasLe XIII. 


Pure Maltose. 


3 4 


i al 


sittin 
taken. 


Cu obtained. 


Wei - 


Maltose found. 


Wein’ 
a wh 
ye | 


| 
| 
| 
| 


a. 


method. 


Own 
method. 
b. 


| 
By Wein’s | 
tables. 
a’. 


0°2591 
0°2600 


0-2290 
0°2298 
0-2309 
02298 | 
0°0919 | 
0-0911 | 
070902 | 
0°0914 | 


94°5 
94°9 
95°3 
94°9 
949 
94°0 
93°1 
94°3 


' 100°04 


100'1 
101'1 
1007 


Low Conversion, [a]j3-s6 


163°1; [a]p 


0°3410 03047 
0°3058 
0°1542 
i 0°1538 
00852 | 00781 

Z 00792 


0-1705 | 


0°3085 
0°3080 
0°1533 
0°0787 
0°0778 


0°0711 
0°0702 


Medium Conversion, [a]j3-s6 


186°5; [a]p 173°9. 


05065 | 0°2472 
» | 072474 
» | 02492 
02026 | 00996 
0°0997 
0-0994 


| 0°2480 
02518 
0-0986 
0-0990 


0:2183 
0°2185 
02201 
00863 | 
00864 
00861 


0°2268 
0°2299 
0°0894 
0°0895 


High Conversion, [a]j3-s¢ 203°6 ; [a] 


p 183°6. 


20 c.c. 


10 CC. 


5 cc, 0°2528 


re 


1°0112 0°2231 
0°2209 
0°1107 
0°1110 
0°0550 


0°0567 


| 
| 
0°5056 | 
| 


0°2235 
0°2231 
0°1211 
0°1098 
0°0552 
0°0544 


0°1967 
0°1948 
0°0962 
0°0964 
0°0470 
0°0483 


0°2043 
0°2039 
0°1009 
0°0997 
0°0495 
0°0488 | 


19°4 
19°3 
19°0 
19°1 
18°6 
19°2 


* Where less than 25 c.c. of the solution of reducing substance was taken, it was 
made up to this volume with distilled water, so that the dilution was the same it 
all the experiments. 
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TaBLeE XIII—(continued). 


Fractionated product, [a]j3-s6 194°0 ; [a]p 181°0. 


3 4d 


Cu obtained. |  Maltose found. 


Volume wie | 
of | oO eg | oe 

sais Wein’s Own’ | By Wein’s| By own 

| substance method. | method. | tables. table. 
aken. | x. Pe | a | J. 


10c.c. | 0°5900 0°2089 02120 0°1841 
| 02090 0°2101 01841 


99 


rn 0°2094 0°2119 0°1845 

Bee | 0° 0°1059 0°1072 00919 | 
| 0°1057 0°1061 00915 | 

071043 0°10388 | 070903 | 


99 
99 


From the above results, it is evident that any given weight of 
maltose or starch-conversion product, when oxidised under the con- 
ditions described in an earlier part of this section, reduces consider- 
ably more copper oxide than it does when oxidised under the condi- 
tions of Wein’s method. This, however, would be immaterial in 
comparing the reducing power, R, of maltose or of a starch-conversion 
product, arrived at by the two methods, if the table drawn up by 
Wein truly represented the anhydrous maltose value of the copper 
reduced. Unfortunately, this does not appear to be the case, as when 
the maltose found by the Wein method and table is calculated as a 
percentage on the actual weight of maltose taken, the result, expressed 
as R, is almost exactly 5 per cent. lower than it should be; in other 
words, the R of pure maltose is 95 instead of 100 when determined 
according to Wein. This difference is also found in the reductions made 
with conversions of different types, in all of which the reducing power 
comes out approximately 5 per cent. of R lower when determined by 
Wein’s method and table than it does by our method and table. Thus 
with the medium conversion, Wein’s method gives a mean R of 42°8, 
whilst R by our method is 44°6, the difference between the two being 
somewhat above 4 per cent.; and the reductions with the other con- 
versions show a corresponding percentage difference. 

What the reason of this is, we are not prepared to say, as in the 
book above referred to, Wein does not give any explanation of the 
way in which he obtained the experimental data on which the table is 
founded, and we have been unable, up to the present, to obtain a copy 
of the original paper (Allge. Brauer u. Hopfen Zeitung, 1885) in which 
the method was first described. It is, however, very important to 
remember that the reducing powers, given by workers who use Wein’s 
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table, are about 5 per cent. lower than the actual values, that is, they 
require to be raised by about 5 per cent. of R in order to bring them 
into line with R as determined by our method and table. 

In considering the experimental errors in the determination of the 
cupric-reducing power of maltose and starch-conversion products, we 
have to regard them from two standpoints, In the first place, there are 
the errors introduced by varying the conditions laid down for any given 
method of determination. These have been already touched on, and, 
moreover, in the paper by Kjeldahl previously referred to, the influence 
of such variations are so exhaustively treated that it is unnecessary to 
further discuss them here. It suffices to say that the precise condi- 
tions laid down for any particular method, must be rigidly adhered to, 
and, in case any slight deviation from the conditions is made, each 
worker must determine for himself the effect of this deviation on the 
final result. In the second place, there are the experimental errors 
incidental to any particular method, when the conditions of that method 
are rigidly adhered to. Very extended experience has shown us that 
within the limits of CuO, mentioned on p. 96 (0°15 to 0°35 gram), 
the error amounts to 0°001 gram on the amount of copper weighed. 
This error is fairly constant within the above limits; it is therefore 
obvious that it represents a greater percentage error on the reducing 
power when the amount of copper weighed approaches the lower limit, 
than it does when the larger quantity of copper is reduced. Thus, 
with 0°15 gram the error amounts to 0°7 per cent. R, whilst with 0°35 
gram the error is only 0°3 per cent. R. When smaller quantities of 
copper than 0°15 are weighed, the error appreciably increases, for not 
only is the percentage greater, but there also appears to be less stability 
in the reaction. We therefore consider that 0°15 gram is the lowest 
permissible amount of copper oxide which should be reduced, and we 
prefer that the amount should fall between 0°25 and 0°30 gram. 
When the experiment is so arranged that the amount of copper oxide 
reduced falls within the last-mentioned limits, we regard the maximum 
experimental error as falling within 0°5 per cent. of R. 


V. On the Limits of Accuracy of the Methods Employed. 


In the determination of specific rotatory power, the value of [a] in 
4 


10 
the formula [a] =F — will be most influenced by (1) actual errors of 


instrumental reading, which are included in a, and (2) by the greater or 
less exactness of the factor c, which represents the concentration or 
the weight of substance in a given volume of the solvent. 

The error introduced by any want of accuracy in the length of the 
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column of liquid can, of course, always be allowed for if necessary, 
but in our case no correction was made for this as the 200 mm. and 
100 mm. tubes used were found to have a length of 199°99 mm. and 
99°99 mm. respectively, at a temperature of 18°,.* 

Provided the polarimetric readings are taken at approximately the 
same temperature as that at which the density is determined (in our 
case 15°5°), there is no appreciable error introduced in the readings of 
solutions of the products of starch-hydrolysis ; where, however, it is a 
question of establishing constants for the pure carbohydrates, the 
readings must be made at an exactly known temperature. 

As regards (1), the actual error of reading in our Ventzke-Scheibler 
half-shade instrument is certainly not more than +0°05 of a scale- 
division on any single observation, which represents + ‘019 degree of arc 
for Biot’s jaune moyen ray, or +°017 degree for sodium light. On a 
series of readings, the error is much less, and we are over-stating it at 
+0:009 of a degree for the jawne moyen, and +0°008° for sodium light. 

This probable error is, of course, constant for large or small 
readings alike, and the extent to which it will affect the specific rotatory 
power depends on the magnitude of the total reading as conditioned 
by the concentration of the solution, the length of column, and the 
specific rotatory power of the substance or mixture of substances we 
are dealing with. 

This is shown by the following concrete example. A solution of 
cane-sugar of sp. gr. 1036°54 (about 9°4 grams per 100 c.c.) gave a 
reading in the 200 mm. tube of 32°88 scale-divisions for sodium light. 

The probable error on a series of observations, as we have already 
seen, does not exceed 0°025 scale-division, which is 0-076 per cent. of 
the total reading in this case. As the specific rotatory power of cane- 
sugar at the above concentration is [a], 66°45°, the error of reading 
will not affect this value more than +0°05°. 

For a concentration of half the amount, that is, about 5 grams of 
sugar per 100 c.c., errors in readings in the 200 mm. tube will be 
liable to affect the specific rotatory power +0°10°. 

In working on the products of starch-transformation, we generally 
have to deal with solutions varying in concentrations between 4 and 
10 grams per 100 c.c., and with substances varying in specific rotatory 
power between [a], 202°0° and [a], 138°. It can readily be shown, as 
in the case of the cane-sugar example given above, that a 0°025 error 
in the scale reading will influence the specific rotatory powers from 
[2] 004° to [a], 010°. 

With regard to (2), the possible error in the value of ¢, this is the 
product dxp, that is, the density of the solution by the percentage 


* We are indebted to Mr. W. Watson, of the Royal College of Science, for these 
measurements, 


PERSE E ST ES 


108 BROWN, MORRIS, AND MILLAR: 


weight. If the weight of substance in a given volume is already 
accurately known, a small error in d will make very little differenc 
in the value of [a]. If, however, as is usually the case in experiments 
on the products of starch-hydrolysis, the percentage weight p has to be 
determined from the density of the solution, then this density has to 
be determined with the greatest accuracy attainable. 

The error in our determinations of the specific gravity of the liquid 
by means of the pyknometer or the Sprengel-tube is not more than 0°( 
when wateris taken at 1000. The influence of this source of error has 
to be considered from two points of view, (A) as an error in the actual 
determination of the density of the solution under experiment, and 
(B) as an error in the previous determination of the divisor which 
has to be applied for the determination of the true weight of solids. 

If we confine ourselves to the products of starch-hydrolysis of 
a concentration of from 4 to 10 per cent. or thereabouts, that is, to 
solutions having a density of from about 1015 to 1040, and varying 
in specific rotatory power from [a]p 202° to [a]p 138’, it can readily be 
shown that the experimental errors due to A will fall between [a]p 0:03 
and [a], 014°; and as the determinations of the divisors are subject 
to the same errors which will equally affect the specific rotations, we 
arrive at the conclusion that even if the errors of A and B are cumu- 
lative, that is, are both plus, or both minus, their sum must lie be- 
tween fa], 0°06°, as a minimum, and [a]p.0°28° as a maximum, that is, 
a mean error of [a], 0°17°. 

When the calculations of the specific rotatory powers are not referred 
to water at 4°, that is, to trwe cubic centimetres, and the correction for 
air displacement is not made, the values of [a], as we have seen in a 
previous section, will be about 0-2 per cent. below their true value. 

The limits of accuracy of the cupric-reducing methods have already 
been referred to in Section IV, p. 106. 

A word still remains to be said on the corrections to be applied to 
starch-transformation products when the hydrolysis has been conducted 
with malt-extract, or with a diastase solution where solids bear any 
sensible proportion to the amount of the products of starch-hydrolysis 
formed. The precautions to be taken in such cases have been so fully 
described in a previous paper (Brown and Heron, Trans., 1879, 35, 
p. 601) that it is only necessary to allude to them very briefly. As the 
properties of malt-extract undergo slight changes under the action of 
heat, it is a matter of importance to determine the specific gravity, 
optical activity, and cupric-reducing power of the transforming agent 
after it has been heated up to the point at which the transformation 
is to be carried out, and for the same length of time as is occupied by 
the hydrolysis. An accurate correction can then be made for the 
amount of transforming agent used. 
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VI.—Specific Rotation of Maltose and of Soluble- 
Starch. 


By Horace T. Brown, F.R.S., G. Harris Morais, Ph.D., ann 
J. H. MIvrar. 


For a successful investigation of the laws which regulate the hydro- 
lysis of starch by diastase, it is essential to determine with the greatest 
possible accuracy the specific rotation of soluble-starch, the first sub- 
stance formed on the liquefaction of the starch-paste, and of maltose, 
the final product of the reaction. 

The specific rotation of maltose has of late years been investigated 
by Meissl (J. yr. Chem., 1880, [2], 21, 274) and by Ost (Chem. Zeit., 
1895, 19, 1501) with special reference to the influence of varying con- 
centration and temperature. 

Meissl found that the value of [a], diminished as the concentration 
and temperature increased. The following table gives the summary 
of his results. 


TaBLe I.—Specific Rotation of Maltose according to Meissl. 


Weight. [a Jp at 
per cent. 


35. 


138°54 137 °84 136°95 
138°33 137°57 136°75 
138°40 | 137°68 136°79 
138°30 137°59 136°66 
138°39 137°55 136°61 
138°12 137°33 136°38 
138-00 137°29 136°37 
138°11 | 137°40 136°48 


138°79 
138 °56 
138 °68 
138°70 
138°50 
138°35 
138°26 
138 °34 


Oconto or COD 


138°67° 138-46° | 137°97° 137-08° 


From these data, Meiss] deduces the following general formula for 
the calculation of the specific rotatory power of maltose for all concen- 
trations between 5 and 35 per cent., and for temperatures between 
15° and 35°— 

[a]>=140°375 —0-01837 P-0-095 T, where P represents the per- 
centage of anhydrous maltose in the solution, and T the temperature 
in degrees Centigrade. 

The experiments were made with carefully purified, cystallised, 
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hydrated maltose, in a portion of which the water was previously 
determined by drying in a vacuum at 100°. 

Ost, on the other hand (Joc. cit.), denies that the concentration of 
the solution has any influence on the specific rotation between 2 and 
21 per cent., and states that at 20° the value within these limits is 
[a]p 137-04°. 

The previous determinations by one of us and Heron (Trans., 1879, 
35, 619), of the specific rotation of maltose, for concentrations lying 
between 5 and 10 per cent., pointed to the value [a ]js.s, 150°4° ; this, 
when reduced in the manner described in our previous paper (this vol, 
p. 94), is found to be [a]p 137°7° or [a]j nic, 153°1°. 

This value lies between Meissl’s and Ost’s numbers, and agrees 
very closely with the specific rotation originally ascribed to maltose 
by O'Sullivan, whose mean result was [a]j3.5 150°2°, corresponding 
to [a]; 153°5°, and to [ap 138°1°. 

We have now made a further investigation of this subject, using 
maltose which had been purified with the greatest possible care. As 
it was not our object to determine the influence of temperature, but 
only that of concentration, the readings in the polariscope were all 
taken at the same temperature of 15:5". 


TasBLe II.—Specific Rotation of Maltose at 15°5° in varying 
concentrations. 


ul IV v 


Degrees 
of 


Density | Percent- 
Grams of of age of 


— §! solution | solution | Maltose 
° 15S" /p5.-50, d. 15°" / 4.90, 


rotation [a]ssiot. | [a]; 3-36. 


for 
Na light. 


1°00968 | 1°00873 6°7796 | 138°06° 
100992 | 1°00897 6°9422| 137°96 
1°01942 | 1°01845 13°6077 | 137°99 
1°02270 | 1°02178 15°8975 | 187°85 
1°02302 | 1°02204 16°1327 | 137°94 
1°03863 | 1°03762 27°0770 | 137°99 
1°04413 | 1°04311 80°9753 | 137°94 
1°05017 | 1°04914 35°2541 | 137°99 
1°06097 | 1°05992 21°4521 | 138°03 
1°08128 | 1°08018 28°6751 | 137°80 
1°08457 | 1°08347 29°8477 | 137°71 
1°10072 | 1709959 35°5931 | 137°57 
1°14595 | 1°14472 103°8166 | 137°35 


OF MALTOSE AND OF SOLUBLE STARCH. 111 


The determinations were made on pure hydrated maltose, and the 
solutions were allowed to stand sufficiently long for the effects of 
bi-rotation to disappear. The weight of anhydrous maltose in a definite 
volume or weight of the solution, given in column I, was determined 
from the specific gravity by means of the divisor-curve for maltose 
given in the preceding paper. This is a method which we find to be 
quite as exact as that of rendering the hydrated maltose anhydrous 
in a vacuum over phosphoric anhydride, and very much more accurate 
than the method employed by Ost, and referred to later on, of 
weighing the hydrated substance, and calculating the corresponding 
amount of anhydrous maltose. The divisor-curve referred to was 
constructed from a large number of careful and concordant determina- 
tions, the maltose being rendered anhydrous by heating in a vacuum 
over phosphoric anhydride. As we have already referred to these 
points very fully in our previous paper, and to the limits of error of 
the method, it is unnecessary to dwell further on them here. We 
give, however, one or two examples showing that the specific gravity 
method gives results quite comparable with those obtained by direct 
weighing. 

Hydrated maltose was dried in the vacuum apparatus in the usual 
way until eonstant in weight, the temperature being gradually raised 
from 80° to 108°. The dry product, weighing 10°4928 grams, was 
dissolved in about 35 c.c. of water. The weight of the solution was 
41:8967 grams, and its sp. gr. at 155° was 1107°84 (water at 155° = 
1000). This gives a concentration of 27°745 grams per 100 c.c. 
(reputed).* 

If we calculate the anhydrous maltose present in the solution by 
means of the divisor for the sp. gr. 1107°84, as deduced from the curve 
for maltose, we find the weight of sugar to be 10°4976 grams, 
against 10°4928 grams actually weighed in the anhydrous state. 
This difference of 0°0048 gram, equal to 0°04 per cent., will only 
affect the specific rotation to the extent of 0-05°. 

In the following Table, the specific rotatory power was based 
upon actually weighed quantities of the dried anhydrous maltose. It 
will be noticed that the values correspond with those for similar 
concentrations, as given in Table II, where the weight of substance 
was deduced from specific gravity. 


* For the meaning of this term, see preceding paper (p.77). 


112 BROWN, MORRIS, AND MILLAR: SPECIFIC 'ROTATION 


Taste III. 


Il Ill | IV Vv | VI | VII 


| 
| 


| 
Grams of | Density | Density | Percent- — 
of | age of . a 
“SMeltoon S| solution | solution | Maltose =" [a]o. | [a]spiot. | [a] ysse. 
4 /iys./a.2/ |p | age ight 


49596 | 1-03888 | 1-03782 | 9°5179 | 27-274° | 188°05° | 153-38 | 150°68° 
3°7107 | 103967 | 1°03866 9°7220 | 27°880 138 °04 153°37 | 150°67 


The density given in column II of both of the previous tables is 
taken at 15°5° and referred to water at 155°. In column III, the 
density at 15°5° is referred to water at 4°, as is usual in such calcu- 
lations, (See preceding paper, p. 85). 

Our experiments indicate that there is practically no difference in 
the specific rotation of maltose in concentrations lying between 2 and 
20 per cent.t Between 20 and 30 per cent., there is a very small 
decrease in specific rotation as the concentration increases, but it 
is much less than accords with the formula of Meiss]l, whose numbers 
are all sensibly greater than ours. 

So far, our general results agree with those of Ost, but the actual 
values which we obtain are sensibly greater than his after reducing 
the results to a uniform temperature. 

Our average value at 15°5° between 2 and 20 per cent. solutions, as 
shown in Table I, is [ a], 137-93, whereas Ost gives, for a temperature 
of 20°, [a], 137°04°, within the same limits. If we apply Meissl’s 
correction for temperature to Ost’s number, we obtain the following 
comparison. 

[a]p of Maltose at 15°5°, and in concentrations between 2 and 20 


per cent. 
137°46° 


It is not difficult to see how this small discrepancy has arisen. 


+ Although the values of [a]p and [a]j are remarkably constant within the above- 
mentioned limits of voncentration, it will be noticed that there is a slight increase in 
the values of [a] js.gg with increasing concentration. This is, of course, due to the 
fact that these values are calculated on a constant divisor of 3°86, instead of on a 
divisor gradually decreasing as the concentration increases. This is a fault inherent 
to this mode of expressing specific rotatory powers, but the difference is so small in 
the lower stages of concentration, within which the products of starch-hydrolysis are 
generally examined, that it does not vitiate any of the older analyses, or the con- 
clusions drawn from them, where a uniform value for maltose has been taken at 


[a]js-g¢ 150°0° 
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The determinations of Ost were all made on weighed quantities of 
hydrated maltose, which had been dried in a desiccator over sulphuric 
acid until constant in weight. The anhydrous maltose was then cal- 
culated on the assumption that a substance of the composition 
C,9H».0,,,H,9, and containing, therefore, exactly 5 per cent. of 
water of crystallisation, was being dealt with. 

We have always found that hydrated maltose, although readily 
acquiring a constant weight when dried in the desiccator in this 
manner, invariably contains, even after several weeks’ drying, an 
amount of water greater than that corresponding to 1 molecule. This 
is shown by the loss in weight which the hydrate subsequently under- 
goes when dried carefully in a vacuum over phosphoric anhydride in the 
Lobry de Bruyn apparatus, and in such a manner as to preclude the 
possibility of any decomposition taking place. 

The following experiments illustrate this point. The specimens I 
and III had been crystallised from alcohol of 80 per cent. ; whilst I1 
was crystallised from water. 


Loss of weight on complete drying of hydrated maltose which had been 
previously dried in the desiccator over sulphuric acid. 


Percentage of H,O lost 
Hydrate in desiccator. on heating 
in vacuo over P,O;. 
I 


II 10 days 
III 45 days 


The average amount of water retained by the hydrate is 0°46 per 
cent. in excess of that corresponding with the 1 molecule, conse- 
quently,the specific rotatory powers of anhydrous maltose, based on 
weighings of the hydrate, as in Ost’s experiments, will be about one- 
half per cent. too low. 

Ost’s values must, in fact, be raised in the proportion 94°54 : 95:00 
in order to give true values. 

We can now make a final comparison between our number and that 
of Ost, after this correction has been applied. 


Specific rotatory power of anhydrous maltose at 15°5°, and at concentra- 
tions between 2 and 20 per cent. 


Ost (corrected) [a]p 138°12° 
Brown, Morris and Millar » 137°93° 


These values are in very close accordance with each other, and it is 
clear that within the limits of concentration mentioned above we may 
VOL, LXXI. I 
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safely take the specific rotatory power of anhydrous maltose as 
la]p 138-0". 

For the determination of the optical properties of soluble-starch, we 
have found it convenient to use the soluble-starch prepared by C. J. 
Lintner’s method, rather than the first product of the liquefaction of 
starch-paste with diastase, with which it is undoubtedly identical. 
Lintner’s substance is prepared by the limited action of 7°5 per cent. 
HCl on purified, ungelatinised potato-starch in the cold. Its properties 
have been fully discussed in a previous paper, “On the Amylodextrin 
of W. Nigeli and its Relation to Soluble-Starch” (Brown and Morris, 
Trans., 1889, 55, 449). When quite pure, it is devoid of any 
cupric-reducing power, but in order to obtain it in this state, it is 
necessary to limit the action of the acid to a few hours, until the 
starch-granules, after being freed from acid, dissolve in ho. water 
without the formation of a viscid solution. 

The following are some of the experimental numbers obtained from 
an examination of various specimens. Column A gives the specific 
rotatory power calculated as [a]; on the basis of the 3°86 divisor ; 
column B gives the cupric-reducing power in terms of dextrose ; and 
in column C we have given the specific rotatory power, on the 3°86 
basis, of the amylin constituent, on the assumption that the small 
reducing power of II and III is maltose. 

A B C 
[a Jie K3-86 [a ]jss 
I 215-9° 0 215-9° 
II 215-1° 1°16 216°3° 
III 216:0° 0°56 216°0° 

The results point to a value of [a] {sg 216° as being very close to the 
true specific rotation of soluble-starch, and this value coincides with 
all previous determinations. 

As we have given in the preceding paper (this vol. p. 78) the 
determinations of the solution density of soluble-starch, it is easy to 
convert the above number on the 3°86 basis to true values of [a]; and 
[a ]p respectively. 

The mean divisor for soluble-starch for concentrations of from 2°5 
to 4°5 per cent. is 4°012 ; [a]; will, therefore, be expressed by raising 
216 in the proportion of 3°86 to 4:012, and the value of [a], will be 
obtained from the formula given in this vol. p. 94, substituting 
4012 for D. (On the three methods of notation, we then have the 
following expressions for the specific rotatory power of soluble-starch. 


. [a]jsss216°0°. [a]jareointe 224°4°. [a]p 202°0°. 
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VII.—The Relation of the Specific Rotatory and Cupric- 
reducing Powers of the Products of Starch- 
hydrolysis by Diastase. 


By Horace T. Brown, F.R.S., G. Harris Morris, Ph.D., and J. H. 
MILLAR, 


Ir is a fact familiar to all who have given even the most passing 
attention to the phenomena of starch-hydrolysis by diastase, that in 
the progressive stages of the reaction the power of the solution to 
rotate a ray of plane polarised light gradually diminishes, whilst there 
is a corresponding increase in its capacity to reduce cupric salts. 
That the two functions of the hydrolysed products, namely, specific 
rotatory power and cupric-reducing power, stand in some very intimate 
relation to each other, followed, as a matter of course, from the con- 
clusions drawn by O’Sullivan in 1876, and described in his epoch- 
making paper, “On the Action of Malt-extract on Starch” (Trans. 
1876, ii, 125). 

Four years prior to this, O’Sullivan had shown that the end-product 
of the action of malt-extract on starch-paste was the sugar maltose, 
and that if the action were arrested before the conversion of the 
starch into sugar were complete, it was possible to isolate two dex- 
trins, a and £, which have the same action on polarised light as 
soluble-starch. Although he never succeeded in obtaining either of 
these dextrins absolutely devoid of reducing power, yet such a close 
approximation to this was attained that he felt justified in concluding 
that, in a perfectly pure state, they would exert no action on cupric 
salts. In the section of his 1876 paper devoted to the proof that 
maltose and dextrin are the only products of the reaction, O’Sullivan, 
for the first time, clearly showed that there is a definite relation 
between the rotatory power and reducing power of the products of 
transformation. He found this relation to be of such a nature 
that if he calculated the reducing power of the mixed products as 
maltose, and assumed the difference in weight between this and the 
total solids to be dextrin with optical properties identical with those 
of the dextrins he had previously described, then, on re-calculating 
the specific rotatory power of such a mixture of maltose and dextrin, 
the value he obtained was in very close agreement with the observed 
specific rotatory power. 

O’Sullivan’s subsequent work (Trans., 1879, 35, 770) fully confirmed 
this relation, as also did the work of one of us and Heron, published 
in the same year (Trans, 1879, 35, 596). 

I 2 
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In 1885 (Brown and Morris, Trans., 1885, 47, 527), we subjected 
the non-crystallisable products of starch-hydrolysis to a more rigorous 
examination, and although we were able to show that there exist 
substances of definite composition intermediate between soluble-starch, 
on the one hand, and its penultimate products of hydrolysis, the 
dextrin of the so-called ‘‘ No. 8 equation” and maltose, on the other, 
yet the previously-expressed relations of rotatory and reducing power 
still held good, even for these intermediate products: that, in fact, the 
composition of the mixed starch-transformation products, at any staye 
of the reaction, or the composition of any fractionated portion of these 
products, could always be consistently expressed in terms of maltose, 
and of a non-reducing deatrin having a rotatory power of [a ]j,... 216”. 
From this, it naturally followed that if one of the two functions, 
rotation or reducing power, were known, the other could always be 
calculated. 

In view of the large amount of experimental proof of this relation 
which has been accumulated by workers in this country during the 
last twenty years, it is remarkable that this most fundamental principle 
has not been recognised by some Continental chemists, whose work on 
starch during the last five years has attracted much attention. 

C. J. Lintner, for instance, in a recent contribution to the subject 
(Zeitschr. f. d. ges. Brawwesen, 1895, 255), sums up his opinion by 
asserting that the law of definite relation of the optical and reducing 
powers of starch-products is an artificially constructed one, which in 
no way corresponds to the actual conditions, and that it depends on 
the unproved and unprovable assumption of the existence of a non- 
reducing achroo-dextrin. 

Still more recently, we find Ost stating (Chem. Zeit., 1895, 19, 1510) 
that he has been unable to substantiate the relation between opticity 
and reducing pawer of starch-products which is said to exist by English 
chemists. 

It is evident that both these observers have entirely failed to under- 
stand the terms in which this law of relation has hitherto been 
expressed, and, so far from their own observations disproving the 
existence of such a relation, they are strikingly confirmatory of it, as 
we shall see later on. 

The evidence so far accumulated that, at a certain stage of the 
reaction, the products of hydrolysis consist of maltose and a compara- 
tively stable dextrin, which has no reducing power and is very 
resistant to further hydrolysis, appears to us to be unmistakable, and, 
hitherto, for convenience’ sake, we have preferred to express the law of 
relation in terms of these two products. The expression of the rela- 
tion is, however, capable of being put ina much more abstract form, 
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and that without pre-judging in the slightest degree the true nature of 
the products of hydrolysis ; in fact, if we knew absolutely nothing of 
the true chemical changes attending starch-transformation, the relation 
between rotation and reduction would be just as readily expressed, 
and with one property known, it would be possible to predict the other. 

In the following table, we have given, in columns I, II, V and 
VI, the experimental numbers obtained in the examination of a large 
number of starch-transformations, the reaction having been arrested at 
various stages of the hydrolysis. Besides the analyses of the total 
mixed products of starch-hydrolysis, we have included a considerable 
number of examinations of fractionated products, obtained by precipi- 
tating the mixed products with alcohol of various strengths. These 
are distinguished in the table by the letter F being appended to them. 

The reducing powers and specific rotatory values have been worked 
out according to the two methods most generally in use. Columns I 
and II give the values, deduced from the 3°86 divisor, of «x and [a]j, the 
reducing power « being referred to an empirical dextrose reduction, as 
explained in our previous paper. Columns V and VI, on the other 
hand, give the absolute values for R (maltose = 100) and [a]p, on 
actual weights of starch-products, as deduced from their proper divisor 
according to Table VIII of a previous paper (p. 84). 


TaBLE I.—The optical and reducing properties of starch-transformations 
of various grades. 
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TaBueE I. (continued)—The optical and reducing properties of starch- 


transformations of various grades. 
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If we plot the experimental numbers of columns I and II, or of 
V and VI, of the above table on a system of rectangular co-ordinates, 
the degrees of specific rotation between soluble-starch and maltose 
being represented on the line of ordinates, and the cupric-reducing 
powers from soluble-starch to maltose on the line of abscisse, we at 
once see that the experimental values al] fall practically on a straight 
line, joining the points of intersection of the co-ordinates corresponding to 
the optical and reducing properties of soluble-starch and of maltose 
respectively. 

This is shown on the Plate, for R and [a], of columns V and VI, and 
exactly the same result would, of course, be obtained by plotting the 
values of x3. and [a] js.s, of columns I and II.* 

The fall of specific rotation is strictly proportional to the rise in 
cupric-reduction at all stages of the transformation between soluble- 
starch and maltose and for all fractionated products. If the properties 
of soluble-starch and of maltose are taken as given in the preceding 
paper (p. 114), namely 


Soluble-Starch R =0 [a ]p = 202°0° 
Maltose R=100 [a])>=138-0° 


then the relation of specific rotation [a]p, and cupric-reduction R for 
any mixture or fractionation of the products of starch-hydrolysis will 
be expressed by the equation 


If the experimental numbers have been expressed in terms of 
K3-g5 and [a] js.g, then the equation becomes 


216 — 150 
[2 ]is-s5 = 216 - —jyoo “3°86 


[2 ]is-s6 = 216 — 1°082k5.5,. 


By the aid of one or other of these formule, or by mere inspection 
‘where the graphic method is employed, we are able to determine, 
within reasonable limits of error, either the specific rotation of starch- 
conversion products from their cupric-reduction, or, conversely, the 
cupric-reduction from the optical properties. 

In columns III and VII of Table I, we have given the specific ro- 
tatory powers calculated in this manner from the cupric-reducing powers, 
and in columns 1V and VIII, respectively, are shown the differences 


* The whole of the tabulated results cannot ;be shown on the Plate, as many of 
the val ues coincide. 
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between these calculated and experimental results ; it will be noted that 
the differences are for the most part very small, and this is still further 
shown on the Plate (see p. 118) by the close approximation of the 
experimental results, shown by the dots, to the theoretical straight line. 

It cannot be too strongly emphasised that this relation of optical to 
reducing properties is, in the first place, solely based on experiment, and 
is quite independent of any theoretical views which may be held on the 
nature and constitution of the products of hydrolysis, but this empirical 
law is on such a sound experimental basis that, when we do not find the 
proper numerical relation holding good, we are justified in assuming 
either that some analytical error has been made, or that the products 
of the hydrolysis of starch are contaminated with some other substance 
or substances. In the few cases of discrepancy which have occas- 
sionally arisen, further investigation has always confirmed this. We 
have, in this “ law of relation,” the most valuable and useful criterion 
of purity which can be applied to starch-transformation products. 

Both C. J. Lintner and Ost (Joc. cit.) have strenuously denied the 
existence of any relation of optical and reducing properties, and we 
have now to enquire how far their own results justify them in assuming 
this position. In the earlier work of C. J. Lintner and Diill (Zeit. f. 
angewandte Chem., 1892, 263), the large number of fractions of starch- 
transformation products were characterised only by their optical, and 
not by their reducing, properties. In the paper of 1893 by the same 
authors (Ber., 1893, 26, 2533), the reducing powers of the various 
dextrins are given as well as their specific rotations, and in a later 
paper still (/er., 1895, 38, 1522), they have given both properties of a 
considerable number of fractions precipitated with alcohol from the 
products of the limited action of dilute oxalic acid on starch. As the 
whole of the dextrose had been carefully eliminated from the fractions 
before analysis, it might be expected that their properties would fall 
under the same law of relation as those of the products of the hydrolysis 
of starch prepared with diastase. In their examination of the sub- 
stances, Lintner and Diill deduced the amount of solids in solution 
from the specific gravity, the weight-constants being determined by 
drying 2 to 3 grams of a 10 per cent. solution at 100°, or sometimes 
only at 60°, until the weight of the residue was constant. 

We have already seen that it is impossible to expel the last traces 
of moisture from the products of starch-hydrolysis in this manner, as 
nothing short of heating in a vacuum over phosphoric anhydride and 
considerably above 100° is effective, and it follows that both the 
values of [a], and Ras given by Lintner and Diill must be somewhat too 
low for the perfectly dry substance. If we had before us the densities 
of the solutions analysed, and the actual weight of solids found on 
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drying at 100°, we could make the necessary correction of the results. 
We shall not be far wrong, however, in assuming that Lintner and 
Diill’s fractions for the most part contained 2 per cent. of water. 
There is some internal evidence of this in the numbers given, and this 
is also about the difference we find between the products of starch- 
hydrolysis dried at 100°, and the same products dried completely in a 
vacuum over phosphoric anhydride as previously described. 

In Table II, we have brought together all the available analyses 
given by Lintner and Diill in their papers. In columnsI and II 
are the values of R and [a], as given by the authors. Columns III and 
IV show the same values corrected for dry weight, on the assumption 
that Lintner and Diill’s products contained 2 per cent. of moisture. 
Column V gives the value of [a], as calculated from R by the formula 
[a]p= 202 —- 0°64 R, and column VI gives the difference between the 
observed and calculated specific rotatory powers. 


TasLe I1.—JLininer and Diiil’s Fractions. 


| | 
tia | III | IV v | VI 
a eee —— -— - NS 
No. | 
R | [ae]. | | Differ. 
| RB. | [alo | (Cor- | (Cor- | Lele. | Ditfer 
rected. ) rected. ) a 4 
| Pa: wi 
1 0 | 196°3° 0 | 200°1°| 202°0°| +1°9° ‘* Amylodextrin ” (Lintner). 
2 1°0 | 196°0 1°0 | 2000 | 201°3 | +1°3 | Erythrodextrin Po 
3} 101 | 192°0 | 103 | 195°8 | 195°4 | -—0°4 | Achroodextrin I is 
4} 26°6 | 183°0 | 27°1 | 186°6 | 184°7 | —1°9 | Achroodextrin II = 
5 30°0 | 178°0 30°6 | 181°4 | 182°4 | +1°0 ) 
6 12°8 | 1900 13°0 | 193°8 | 193°7 | -O°1 | 
. . ‘ Q-F =” 
; 2 a .e re eb “te | Fractions from conversions 
9! 3011960! 30/1998 | 2001 | +03 |\ With dilute oxalic acid 
10| 8-0] 1940 | 8-1 197°8| 196-8 | -1-0|( Sfer separation of the 
11 | 30°0/ 181°0 | 30°6 184°6 | 1824 | -2°2 | ; 
12 25'0 | 184 0 25°5 | 187°6 | 185°7 | -1°9 
13 | 20-0 | 1880 | 20-4 191°6 189°0 | -2°6 | 
14| 82:°4| 1400 | 840 142°8 1483 | +5°5 | ‘‘Isomaltose” (Lintner). 


We see that in Lintner and Diill’s fractionated starch-products there 
is for the most part a very fair accord in the relation between the 
calculated and observed values of [a ]p,and doubtless this accord would 
have been even closer if we had possess#d the requisite data for exactly 
correcting in each case for the retained moisture. There is one con- 
siderable exception, however, in No. 14 of the series, which is the 
so-called “isomaltose.” As we have recently dealt very fully with 
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this substance (see Trans., 1895, 67, 709), and have shown what its 
true nature is, it will be unnecessary to say more about it here. Even 
if it could be shown that such a substance as isomaltose existed 
amongst the products of starch-hydrolysis, it is impossible that it 
should possess the optical and reducing properties assigned to it by 
C. J. Lintner. The substance described cannot be either a pure product 
of the hydrolysis of starch or a mixture of such products, its wide 
departure from the “law of relation” clearly indicating either the 
presence of some impurity, or errors in the determination of its optical 
and reducing properties. 

We have still to consider the properties of the fractionated products 
of starch-transformations described by Ost in his Studien tiber die 
Stirke (loc, cit.). As all his fractions were finally dried at 130°, it may 
be assumed that they were quite free from moisture when examined, 
and the general agreement of their optical and reducing properties 
indicates that such was the case. We have given the results in Table 
III, and in column III have appended the specific rotation as calcu- 
lated from R, by the usual equation [a]p = 202 — 0°64 R. The 
differences between the calculated and observed values are given in 
column IV. The reference numbers are those given by Ost. 


Tarte [II.—Ost’s Fractions. 


I II | III IV 
[a]p. [a ]p. * 
R. Observed. Calculated Difference 
I 30°6 183°5° 182°4° -1l'l 
la 27°4 182°4 184°5 +2°1 
II 81°5 181°1 181°9 +0°8 
Ila 28°2 183°0 184°0 +1°0 
(1 and 2) b 37°7 180°5 180°0 -—0°5 
III 41°5 178°0 175°7 —-2°3 
Illa 82 5 180°1 181°2 +1°1 
IV 88:0 176°7 177°7 +1°0 


Out of these eight fractionated products obtained. by Ost, six con- 
form closely to the “law of relation,” whilst the other two do not 
depart widely from it. 

We see, therefore, that even the results of C. J. Lintner and of Ost, 
who have both been active in denying the existence of any relation 
between: the optical activity and reducing power of the products of 
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starch-hydrolysis are, for the most part, strongly confirmatory of there 
being such a relation. 

The small amount of real advance made in our knowledge of starch- 
hydrolysis of late years, an advance altogether disproportionate to the 
amount of work done, is in no small measure due to the neglect of this 
important principle, which lies at the root of the whole question. 

Any serious attempt to explain the complicated changes which 
starch undergoes when acted on by diastase must take into account 
first of all this “law of relation” ; the crux of the whole question, 
in fact, lies in it, and when the true meaning of the law is understood 
we shall know all about starch-hydrolysis. 

Addendum.—Since this paper was written, there has appeared an 
important communication bearing on the subject: “An Analytical 
Investigation of the Hydrolysis of Starch by Acid,” by Rolfe and 
Defren (Journ. Amer. Chem. Soc., 1896, 18, 869). The authors find, 
when starch is hydrolysed by dilute mineral acids, that, notwithstanding 
the fact that dextrose is produced along with the other products of hy- 
drolysis similar to those produced by the action of diastase, the cupric- 
reduction of the total products at any stage of the reaction bears a 
constant relation to the specific rotatory power, even when the starch 
is hydrolysed under very varying conditions ; that, in fact, the specific 
rotatory power during the reaction is an exact guide to the composition 
of the products of hydrolysis, and that there is a “law of relation” 
for acid just as there is for diastase conversions. It is manifest, 
however, that the law cannot be as simple in the former case as in the 
latter, as maltose is, of course, being converted into dextrose simul- 
taneously with the breaking down of the starch and higher dextrins. 
This law of relation for acid conversions laid down by the authors 
does not apply to mixtures of different transformations as it 
does in the simpler case of the transformations by diastase ; and it 
would also follow from the authors’ statements, although they do not 
draw the conclusion themselves, that the relation they find in the case 
of acid conversions will not hold good for fractionations by alcohol or 
by dialysis. 


VIII.—Synthesis of Pentacarbon Rings. Part I. 
Anhydracetonebenzil and its Homologues. 
By Francis Ropert Japp, F.R.S., and Georcz Druce Lanner, B.Sc. 


One of the chief objects of the systematic study of the condensations 
of certain a-diketones (benzil and phenanthraquinone), and of a keto- 
alcohol (benzoin), which has occupied one of us, along with various 
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collaborators, more or less continuously from the year 1880 down to 
the present time, has been the synthesis of cycloids. The various 
“‘condensations in the ortho series” which, shortly before this work 
was begun, had been studied by various investigators, especially by 
Ladenburg and von Baeyer, indicated a possibility of the occurrence of 
similar condensations in the case of aliphatic chains containing two 
ketonic or alcoholic functions in the a-position. In passing, we may 
point out that the analogy of the a-position in aliphatic compounds to 
the ortho-position in the benzene series was not quite so obvious then 
as itis now. At that time, Ladenburg’s “ prism” formula could still 
be seriously put forward as a satisfactory expression of the reactions 
of benzene ; and in this formula the ortho-carbon atoms are not directly 
united. Every condensation, therefore, which bore out the foregoing 
analogy was a fresh argument against the “ prism” formula. Indeed, 
it is cumulative evidence of this character, rather than any definite 
disproof, that has caused the “ prism” formula to be withdrawn from 
discussion, 

The a-diketones and the a-keto-aleohol just mentioned were selected 
for study, in the first instance, on account of the ease with which they 
could be obtained. A further advantage was that the products of the 
various reactions were crystalline solids and, consequently, easy to 
purify. The phenyl and phenylene groups, to the presence of which in 
the molecule the latter advantage was largely due, took no direct part 
in the reactions ; so that, in reality, the problem resolved itself into the 
relatively simple one of ascertaining the nature of the condensations of 
the groups —-CO-CO— and —CHOH:+CO— with various compounds. 
Against these advantages must be set the deterrent effect which the 
somewhat formidable-looking formule of the resulting compounds 
probably exercised on the majority of readers. 

That this object of the synthesis of cycloids has been amply realised 
may be seen from the following list of the various classes of compounds 
obtained in these reactions : 

Oxazoles.—1. By the interaction of a-diketones with aldehydes and 
ammonia (Trans., 1880, 37, 669; 1881, 30, 225).—2. From benzoin 
and nitriles (ibid., 1893, 63, 469). 

Imidazoles.—a. Ordinary (secondary) Imidazoles. From a-diketones, 
aldehydes, and ammonia (ibid., 1882, 41, 146, 157, and 323; 1886, 
49, 464 ; 1887, 51, 552 and 557).—b. Tertiary Imidazoles and Quater- 
nury Imidazolium Compounds. From a-diketones and primary amines 
of the formula R’*CH,:NH, (ibid., 1895, 67, 32). 

Furfurans.—By the action of hydriodic acid on the condensation pro- 
ducts of a-diketones with ketones (ibid., 1890, 57, 662). 

Indoles.—By the condensation of benzoin with primary benzenoid 
amines (ibid., 1894, 65, 889). | 
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Azines.—By the action of ammonia (1) on benzoin and (2) on a- 
diketones (ibid., 1886, 49, 828; 1887, 51, 98). 

To the foregoing list might have been added: lactones and pyrrho- 
lones. A pyrrhole has also been obtained in an investigation the 
results of which will be published shortly. 

In some of the foregoing condensations, a union of carbon with 
carbon occurs, but only at one point: the closing of the chain is 
effected by some other element—nitrogen or oxygen. 

In the present and the two following communications, condensations 
are described in which the union of carbon to carbon takes place 
at two points, both carbonyl groups of an a-diketone attaching them- 
selves to carbon atoms of an aliphatic chain and in this way leading to 
the formation of cycloids containing only carbon in the ring. These 
compounds are formed by the condensation of benzil with ketones or 
ketonic acids of the formula R’CH,*CO-CH,R’, in which R’ may be 
hydrogen, or alkyl, or carboxyl, or -CH,*COOH. 

The condensation of benzil with acetone was first studied by Japp 
and Miller (Trans., 1885, 47, 21). Acting on these substances with 
a small quantity of potassium hydroxide, they found that the aldol 

: ., C,H,*C(OH)-CH,°CO-CH, 
condensation compound, acetonebenzil, 

‘ gH,"CO 

formed. When treated with an excess of the alkali, this compound 
parted with a molecule of water, yielding anhydracetonebenzil 
C,,H,,0, From a study of the oxidation of anhydracetonebenzil, 
they concluded that a closed chain of carbon atoms had been formed 
during the condensation, and they inclined to ascribe to the compound 
the constitution 


» was 


CH. 

O,H,"C< py 700 

C,H,*CO 
They were led to adopt this view by observing that the compound, on 
oxidation with chromium trioxide in acetic acid solution, yielded an 
acid, C,,H,,0,, to which they assigned the formula of a B-benzoyl- 
hydrocinnamic (desylacetic) acid. Desylacetic acid has, however, since 
been prepared by Victor Meyer and Oelkers, and we find that the two 
substances are quite distinct. The argument put forward in favour of 
the above formula must therefore be withdrawn, although the con- 
siderations which led Japp and Miller to reject an open chain formula 
for the compound are still valid. 

Japp and Burton pointed out (Trans., 1887, 51, 420) that the closed 
chain might equally well consist of five carbon atoms. They suggested 
that the first step in the transformation of acetonebenzil into anhydr- 
acetonebenzil was the occurrence of an aldol condensation with the 
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second methyl group of the acetone, yielding the hypothetical inter- 
mediate compound 
C,H," C(OH)-CH, 
C,H, C(OH)-CH, 
which would then part with water, forming anhydracetonebenzil. 

The results of the present investigation lead us to conclude that, 
in this dehydration, a hydroxyl group is eliminated along with hydro- 
gen from an adjacent carbon atom, and that anhydracetonebenzil is 
a diphenylcyclopentenonol of the formula 

C,H,-C———CH 
C,H,* C(OH)-CH, 


The only points in the behaviour of the compound which are not in 
entire accordance with this formula are that it yields neither an 
acetyl derivative nor an additive dibromide. The inability to form 
an acetyl derivative is, however, due to the circumstance that acetic 
anhydride has a dehydrating action on anhydracetonebenzil, con- 
verting it into the compound ©,,H,,0,, which was obtained by Japp 
and Burton (loc. cit.), by boiling anhydracetonebenzil with dilute sul- 
phuric acid. And as regards the non-formation of a dibromide, the 
merely negative evidence of this fact is outweighed by the positive 
evidence of the oxidation with sodium hypobromite. Treated with 
this reagent, anhydracetonebenzil gives, as we find, an almost quanti- 
tative yield of Japp and Davidson’s desyleneacetic acid, 


C.H,:C-CH: COOH 

C,H,*CO 
thus proving the presence of double bonds in the molecule of the 
compound. This result may also be taken as indicating that desylene- 

H: C- COOH 
C,H, C- CO- C,H, 

We do not lose sight of the fact that the formation of desylene- 
acetic acid could be even more simply explained by assigning to 
C,H;-C-CH-CO-CH, ; 
C,H,*CO 
but this formula is excluded by various considerations. Thus anhy- 
dracetonebenzil yields no acetic acid when oxidised by a mixture of 
potassium dichromate and dilute sulphuric acid, whereas acetonebenzil 
readily yields acetic acid under these conditions (Japp and Miller, 
loc. cit.). But the strongest evidence against the open-chain formula 
is afforded by the experiments which we are about to describe. 

As already mentioned, Japp and Miller, by oxidising anhydrace- 


>CO 


>co. 


acetic acid has the configuration 


anhydracetonebenzil the open-chain formula 
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tonebenzil by heating it with chromium trioxide in acetic solution, 

obtained an acid of the formula C,,H,,0,. We find, however, that 

this acid is not the primary product of oxidation : when the process is 

conducted in the cold, simultaneous oxidation and hydration occur, 
' ALS C,H;"C(OH)-CH,"COOH : 

and diphenyldihydroxyglutaric acid, C,H,-C(OH)-COOH » is formed. 


*On heating this acid for some time it decomposes, parting with carbon 
dioxide and water, and yielding Japp and Miller’s acid, which has the 
CoH;"C-CH, 
C,H,-C(OH)-COOH 

When boiled with fuming hydriodic acid, or with fuming hydro- 
chloric acid, diphenyldihydroxyglutaric acid also parts with carbon 
dioxide and water ; but the carbon dioxide is, in this case, furnished by 
C,H,"CH-CH,"COOH, 

gH,*CO 
is formed, together with a small quantity of its dehydration product, 

; C,H,°C —- CH, 
diphenylcrotolactone, Hh ot %. 
C,H,-C CO 

\Z 
O 


formula of an isocinnamenylmandelic acid, 


the other carboxyl group, and desylacetic acid, 


The mechanism of the two pro- 


cesses may be represented as follows. 
a CoH;-C-CH, 
C,H," C(OH)-COOH C,H,* C(OH): COOH 


Action of heat, 
C,H, O(0H)-CH,* COOH 
C,H, C(OH): C00: 


C,H, C-CH,-COOH C,H," CH: CH,COOH, 


= 
C,H, C-0H C,H," CO 
Action of hydracids. 


a portion of the desylacetic acid, while still in the enolic form, elimi- 
nating water, and yielding diphenylcrotolactone. 

The necessity of accounting for the formation of desylacetic acid 
C,H,"CH-CH(OH)-COOH 
C,H,°C(OH)-COOH 
diphenyldihydroxyglutaric acid. But, quite apart from the question of 
the exact constitution of this acid (although we regard this as settled), 
the oxidation of anhydracetonebenzil to a dibasic acid containing the 
same number of carbon atoms as this compound itself is a process 
that can be explained only on the assumption that a closed carbon 


excludes the other possible formula, 


128 JAPP AND LANDER: SYNTHESIS OF PENTACARBON RINGS. 


chain, which was formed in the original condensation, has been opened 
during the oxidation, 

Isocinnamenylmandelic acid yields an acetyl derivative. When heated 
above its melting point, this acid parts with 1 mol. of water, forming a 


compound C,,H,,0,. By partial reduction by boiling it for a few 
minutes with fuming hydriodic acid, it is converted into isophenethyl- 


: = Seite ‘CH: CH, 
mandelic acid, 


C,H, -C(OH): COOH 

By the partial reduction of anhydracetonebenzil with hydriodic acid, 
Japp and Burton obtained a compound, C,,H,,0, melting at 110°, 
which yielded a hydrazone, and therefore contained the original car- 
bonyl group of the anhydracetonebenzil. We find that this compound 
idk What sectinition of = dipheighiptiyiitinnns, = % tO 

as the constitution of a diphenylcyclopentenone, C.H,-C-CH, , 
That the foregoing change in the position of the double bonds has 
taken place during the reduction, is shown by the fact that the com- 
pound yields, on oxidation with sodium hypobromite, diphenylmaleic 
acid, which, when weer from its salts, changes into the very 

iis 5°C° CO 0 

C,H, 0-007 

The hydrocarbon, C,H, (m. p. 47°), obtained by Japp and Burton 
by the complete reduction of anhydracetonebenzil with hydriodic acid 
and amorphous phosphorus, is a diphenyleyclopentane, 

CjH;-CH-CH, on 
0,H,CH-CH,~ 

The various compounds obtained by Japp and Burton (Trans., 1887, 
51, 431) by the condensation of benzil with homologues of acetone of 
the general formule CH,R’*CO°CH, and CH,R’:CO:CH,R’ must be 
regarded as homologues of anhydracetonebenzil. The constitution of 
those members of this class which are formed from symmetrical homo- 
logues of acetone follows, as a matter of course, from that of anhy- 
dracetonebenzil itself; thus the condensation product of benzil with 
diethyl ketone (loc. cit., p. 432) is dimethylanhydracetonebenzil, 


C,H,"C ———C(CH;) 
C,H,-C(OH)-CH(CH,) 
But in the case of the compounds obtained from unsymmetrical ketones 
there are two possibilities ; thus, in methylanhydracetonebenzil (formed 
from benzil and methyl ethyl ketone), the methyl group may replace 


hydrogen either in the methylene or in the methenyl group of anhy- 
dracetonebenzil, leading respectively to the formule . 


characteristic anhydride, 


>CoO 
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od ce C,H;-C—C(CH,) >0O0. 
C,H,*C(OH)-CH(CH,) C,H,*C(OH)-CH, 


The following considerations appear to us to decide in favour of 
Formula I. 

Von Baeyer’s well-known test for non-saturation in organic com- 
pounds—namely, the rapid change of the colour of permanganate to 
brown when a drop of permanganate solution is added to a cold solution 
of the substance in presence of excess of sodium carbonate (Annalen, 
245, 146), is not applicable to compounds in which an ethylene group 
has no hydrogen attached to it, as in this case the action of per- 
manganate on the substance in the cold is very slow. Von Baeyer 
mentions, as examples of this limitation, dimethylmaleic acid and 
A! tetrahydrophthalic acid (Annalen, 1889, 252, 207); and we find 
that the same holds good of diphenylmaleic acid, desylenemalonic acid, 
and dibenzoylstilbene, all of which are stable towards permanganate in 
the cold. In this way, it is possible to decide between two competing 
formule for an unsaturated compound, one of which contains hydrogen 
attached to the ethylene group and the other not. Thus, in the case 
under discussion, if methylanhydracetonebenzil has the constitution 
represented by Formula I, it should be as easily attacked by per- 
manganate as anhydracetonebenzil itself; if, on the other hand, its 
constitution corresponds with Formula II, it should be as stable 
towards permanganate as dimethylanhydracetonebenzil. Experiment 
showed that the former was the case.* The times required for the 
complete reduction of the permanganate were: with anhydracetone- 
benzil, 30 seconds ; with methylanhydracetonebenzil, 30 seconds ; with 
dimethylanhydracetonebenzil, 5 minutes. Amylanhydracetonebenzil, 
which was also tested, required 14 minutes, the somewhat more slug- 
gish action being due to the larger molecule, although the compound 
obviously belongs to the same category as methylanhydracetonebenzil. 
We had not a specimen of ethylanhydracetonebenzil ; but it would 
doubtless behave like the other two monalkyl derivatives. 

_ The monalkyl derivatives of anhydracetonebenzil prepared by Japp 
and Burton would therefore be formulated as follows. 


C,H;° REE C,H," ———————«£ 
C,H,* C(OH)-CH(CH,) C,H, C(OH)-CH(C,H,) 
Methylanhydracetonebenzil. Ethylanhydracetonebenzil. 
(m. p. 179°). (m. p. 156°). 


* The experiments were carried out in the way recommended by von Baeyer for 
testing non-acid substances (Annalen, 252, 286) ; to a solution of the compound in 
pure alcohol, a little of an aqueous solution of sodium carbonate was added, and 
then a drop of the permanganate solution. 
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C,H;° Fe 
C,H,° C(OH)-CH(C,H,,) 


Amylanhydracetonebenzil. 
(m. p. 150°5°). 


EXPERIMENTAL. 


Preparation of Anhydracetonebenzil._—The following mode of prepara- 
tion differs from that originally employed by Japp and Miller only in 
the fact that the ingredients are heated during the reaction. In this way, 
a great saving of time is effected, whilst the yield is not diminished. 

Two hundred grams of finely-powdered benzil, 125 grams of pure 
acetone (Kahlbaum’s acetone “from the bisulphite compound ” was 
used), and 2 ¢.c. of a 33 per cent. solution of caustic potash were 
introduced into a flask, and constantly shaken until the benzil had all 
dissolved. The liquid became slightly warm during this process, 
owing to the formation of the aldol condensation compound, acetone- 
benzil. Fifty grams more of the caustic potash solution were then 
added, and the liquid was gently warmed for about half-an-hour on the 
water bath, shaking it from time to time. Hot water was then added 
to remove the potash, and the organic substance was washed with hot 
water. When cold, the solidified product was ground in a mortar, 
washed with a small quantity of ether to remove dark-coloured impuri- 
ties, and recrystallised from benzene. The yield was 150 grams. 

The substance thus obtained is yellow, but is pure enough for the 
study of its reactions, and even for analysis, so that it is not necessary 
to subject it to the troublesome and wasteful process required to obtain 
it in a colourless state (cf. Japp and Miller, loc. cit., p. 27). 

Cryoscopic determinations of the molecular weight, using benzene as 
a solvent, gave the following results. 


Weight of Weight of Mol. 
substance. solvent. Depression. weight. 


01255 22°49 0°105° 260 
0°3050 21°75 0°245 280 
C,,H, 0, = 250. 

Action of Acetic Anhydride on Anhydracetonebenzil.—Ten grams of 
the substance were boiled with 30 grams of acetic anhydride and 5 grams 
of fused sodium acetate for 4 hours, the latter addition being made 
because Japp and Miller had obtained no definite result with acetic 
anhydride alone. The only product, however, was the compound 
C,,H.,,0,, prepared by Japp and Burton by boiling anhydracetonebenzil 
with dilute sulphuric acid. It was deposited from benzene in forms 
indistinguishable from those of the compound ©,,H,,O,, and, like the 
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latter, melted at 195—200°, evolving gas. It is formed according to 
the equation 2C,,H,,0, -2H,0=C,,H,,0,, and the double molecular 
weight was assigned to it to account for the fact that, when heated, it 
parts with 1 mol. of carbon monoxide, yielding the compound C,,H,,0* 
(Trans., 1887, 51, 426). Our cryoscopic determinations, made with a 
benzene solution, confirm this conclusion. 

Weight of Weight of Mol. 

substance. solvent. Depression. weight. 

0°1995 32°46 0:065° 463 

02715 21°65 0130 473 

C,,H,,0, = 464. 

Preparation of Diphenylcyclopentenone. CoH: CHa 00.—This 
pe iphenyleycloy ' OH-OCH, 
compound was obtained by Japp and Burton by boiling anhydracetone- 
benzil for a few minutes with excess of fuming hydriodic acid. The 
following method is more economical and gives a better, although by 

no means satisfactory, yield. 

Forty grams of anhydracetonebenzil were boiled with 160 grams of 
glacial acetic acid, 9 grams of amorphous phosphorus, and 4—5 c.c. of 
fuming hydriodic acid (sp. gr. 1-96) for 4 hours, using a reflux condenser, 
and adding a few drops of water from time to time, whenever vapours 
of iodine appeared in the flask. The liquid was filtered hot and 
diluted with water. The semi-solid mass which separated was dissolved 
in ether ; the solution was shaken first with aqueous sulphur dioxide 
and then with sodium carbonate, dried with calcium chloride, after 
which the ether was expelled and the residue distilled under reduced 
pressure. It passed over at 250—260° under a pressure of 18—20 mm. 
The solidified distillate was recrystallised from alcohol. It formed pale 
yellow needles, melting at 110°, as described by Japp and Burton. 
The yield of pure substance was only 12 grams. 
C,H;*CH-CH, 
O,H, CH-CH, 
-compound was obtained by Jappand Burton by heating anhydracetone- 
benzil with hydriodic acid and amorphous phosphorus in a sealed tube. 
We find, however, that the reduction may be equally well effected by 
boiling these substances in a flask fitted with a reflux condenser. Ten 
grams of anhydracetonebenzil, 150 grams of hydriodic acid (sp. gr. 1°7), 

* Japp and Burton state that the substance, C,,H,.,0, crystallised from benzene, 
melts, after expelling the benzene of crystallisation, at 162—163°. This melting 
point is too low; probably the benzene was not entirely expelled. The substance is 
deposited from alcohol in lustrous crystals, containing no solvent of crystallisation 
and melting at 175°. 


Preparation of Diphenylcyclopentane, >CH,.—This 


K 2 
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and 20 grams of amorphous phosphorus were employed, and the boiling 
was continued for 5 hours. The product was purified by distillation 
under reduced pressure and subsequent recrystallisation from alcohol 
(cf. Trans., 1887, 51, 423). The yield was small: from the foregoing 
quantity of anhydracetonebenzil only 1:8 grams of pure recrystallised 
hydrocarbon melting at 47° were obtained. 

Cryoscopic determinations of the molecular weight, using benzene as 
a solvent, gave the following results, 


Weight of Weight of Mol. 
substance. solvent. Depression. weight. 


Be cians 0°1475 15°34 0:225° 209 
ee . 0°1025 18-05 0135 206 
C,,H,, = 222. 

This 1 : 2-diphenyleyclopentane ought to exist in two modifications, 
cis and trans, but we failed to detect, among the products of the 
reduction, any form other than the foregoing. 

Oxidation of Diphenyleyclopentenone with Sodium Hypobromite. 
Formation of Diphenylmaleic Acid.—Twelve grams of finely-powdered 
diphenyleyclopentenone, the first reduction product of anhydracetone- 
benzil, were mixed with a solution of 36 grams of bromine in excess 
of strong caustic soda, and the mixture was stirred by means of 
a mechanical stirrer for 72 hours; the unchanged substance, 
which was separated by filtration, weighed 9 grams. The alkaline 
filtrate was saturated with sulphur dioxide, acidified with dilute sul- 
phuric acid, and extracted with ether. Aqueous sodium carbonate 
removed no organic acid from the ether, which was then shaken with 
sodium hydroxide solution; the latter, on acidifying, gave a yellow 
precipitate ; this, on recrystallisation from benzene, was deposited in 
thick, yellow needles, with a slight greenish fluorescence, and melted at 
156-157°. These are the properties of diphenylmaleic anhydride, into 
which diphenylmaleic acid spontaneously changes on liberation from 
its salts. Analysis gave figures agreeing with the expected formula 
C,,H,,0,, Found: C= 7650; H = 4:11. Calculated: C = 76°80; 
H = 4:00 per cent. 

From the 3 grams of diphenyleyclopentenone used up in the oxidation, 
2 grams of pure anhydride were obtained. Allowing for unavoidable 
loss in purification, this may be regarded as a quantitative yield. 

Oxidation of <Anhydracetonebenzil with Sodium Hypobromite. 
Formation of De leneacetic Acid.—Ten grams of finely-powdered anhy- 
dracetonebenzil were shaken with a solution of 20 grams of bromine in 
an excess of a 15 per cent. solution of sodium hydroxide. After 
remaining for about an hour in the cold, with frequent shaking, the 
liquid was almost filled with a colourless, crystalline substance which 
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enclosed particles of unaltered anhydracetonebenzil. On adding a little 
water and warming to about 40°, the substance dissolved. The liquid 
was filtered, saturated with sulphur dioxide, and acidified with dilute 
sulphuric acid, which produced a microcrystalline precipitate of an 
organic acid. This acid was extracted with ether and the ethereal 
solution shaken with a solution of sodium carbonate. After this treat- 
ment, the ether left practically no residue on evaporation. The organic 
acid, reprecipitated from the carbonate solution, and purified by re- 
crystallisation from benzene, melted at 168°; recrystallised, it melted 
at 142°, and, after resolidification, again at 168°. It was indistin- 
guishable from a specimen of desyleneacetic acid prepared by Japp and 
Davidson (Trans., 1895, 67, 138) by heating desylenemalonic acid, and, 
on analysis, gave figures agreeing with the formula of desyleneacetic 
acid, Found: C = 76:03; H = 4°87. Calculated for C,,H,,0, : 
C = 76:19; H = 4°76 per cent. 

Japp and Davidson also observed two melting points for desylene- 
acetic acid—150° and 168°—but gave it as their opinion that the lower 
melting point was merely that of an unstable crystalline form of the 
substance. In spite of this, it is stated, in the abstracts of the paper 
which appeared in the Berichte (Referate, 1895, 465) andin the Bulletin 
(Travaux étrangers, 1895, 1039), that stereoisomerides were observed. 
It is clear, however, from the above changes in the melting points— 
from the lower to the higher on melting and resolidifying, and from 
the higher to the lower on recrystallising—that the phenomenon is 
due merely to dimorphism. The form of lower melting point does not 
contain benzene of crystallisation. An attempt to obtain a stereoiso- 
meride by heating the substance in a sealed tube with glacial acetic 
acid saturated with gaseous hydrogen chloride gave no result; only 
unchanged substance was recovered. 

Oxidation of Anhydracetonebenzil with Chromium Trioxide. Formation 
of Diphenyldihydroxyglutaric Acid.—The conditions essential to success 
in the following experiment were discovered only after considerable 
expenditure of time and material, and a very slight deviation from 
them suffices to reduce the yield—at no time good—to the vanishing 
point. 

Fifty grams of anhydracetonebenzil were dissolved with the aid of heat 
in 350 grams of glacial acetic acid and the solution cooled. The beaker 
containing it was kept immersed in cold water and the solution stirred 
by a mechanical stirrer, while a solution of 75 grams of chromium 
trioxide, in a sufficiency of glacial acetic acid, was added in small 
portions at a time, so as to avoid any appreciable rise of temperature. 
A slight separation of solid substance, which afterwards re-dissolved, 
occurred on the addition of the chromium trioxide. After the stirring 
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had been continued for 24 hours, the beaker was removed from 
the water and the solution allowed to stand at the ordinary tempera- 
ture for 5 days, after which it was poured into excess of water, 
which occasioned the separation of a flocculent substance ; this was 
collected in a filter, washed with a little cold water, and dissolved in 
alcohol with the aid of a gentle heat. Alcoholic caustic soda and 
afterwards aqueous caustic soda were then added, until the liquid was 
distinctly alkaline; this caused a separtion of solid matter. Warm 
water was then added to dissolve the salts of organic acids, and the 
liquid was filtered from unaltered substance and chromium compounds. 
From the filtrate, dilute sulphuric acid precipitated an oily acid, which 
was extracted with ether, again removed from the ether’with sodium 
carbonate solution, reprecipitated, and re-dissolved in ether. The 
ethereal solution was evaporated to a small bulk and excess of benzene 
added; this occasioned the separation of the new acid in needle-shaped 
crystals grouped in rosettes. (Yield: 11—12 grams.) 

The substance thus obtained, although otherwise pure, contains 
benzene of crystallisation, which, apparently, cannot be entirely expelled 
by heat without at the same time decomposing the substance. The 
crystals, freed as far as possible from benzene of crystallisation by long 
exposure to the air, were therefore dissolved in ether, and to the solu- 
tion light petroleum was carefully added. In this way, the compound 
was obtained in crystals which, when rapidly heated, melted at 120° 
with evolution of gas. On analysis they gave figures agreeing with the 
C,H,"C(OH)-CH,-COOH 
C,H®-C(OH)-COOH 


0°1427 gave 0°3367 CO, and 0:0640 H,O. C=64:35 ;H=4-98. 
02209 ,, 05219CO, ,, 01007 H,O. C=64:43 ;H=5-07. 
C,,H,,0, requires C = 64°55 ; H=5-06 per cent. 


formula of diphenyldihydroxyglutaric acid, 


The silver salé was obtained as a white precipitate by dissolving the 
acid in dilute ammonia and adding silver nitrate. It was dried in a 
vacuum desiccator. 

0°3070 gave, on ignition, 0°:1263 Ag. Ag=41-14. 

C,,H,,0,Ag, requires Ag = 40°75 per cent. 

When the: oxidation of anhydracetonebenzil is allowed to go on in 
the cold for a fortnight, instead of for 5 days, or when the liquid is 
heated, isocinnamenylmandelic acid (m. p. 160°), the oxidation product 
obtained by Japp and Miller, is formed. This is not due to a further 
oxidation, but to a splitting off of carbon dioxide and water from 


diphenyldihydroxyglutaric acid (see following paragraph). 
Action of Heat on Diphenyldihydroxyglutaric Acid. Formation of 
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Isocinnamenylmandelic Acid.—Diphenyldihydroxyglutaric acid decom- 
poses when kept for some time at 100°, melting, with evolution of gas, 
and then resolidifying. The best yield of the product of transforma- 
tion by heat is obtained when air is excluded during the process, and 
the temperature is not allowed to exceed 105°. The operation was 
conducted as follows. 

Ten grams of diphenyldihydroxyglutaric acid were introduced into 
a tubulated flask and heated at 105° by means of a glycerol bath, the 
flask being attached to a filter-pump and exhausted during the entire 
process. The fusion, frothing, and resolidification of the substance 
proceeded gradually, from the outer portions inwards. The end 
of the reaction was shown by the rise of the mercury in the gauge 
of the pump. The product was dissolved in hot benzene, from which 
it separated in tufts of needles melting at 160° with evolution of 
gas. The total yield from 40 grams of diphenyldihydroxyglutaric 
acid, treated as above, was 18 grams of recrystallised substance. On 
analysis, it gave figures agreeing with the formula of isocinnamenyl- 
O,Hy-O-CH, . Found:C=75°56 ;H=5°38. Cal- 
C,H,°C(OH)-COOH 
culated : C= 75:59 ; H=5-51 per cent. 

An experiment, in which a weighed quantity of diphenyldihydroxy- 
glutaric acid was heated in a Sprengel vacuum, pumping off and mea- 
suring the carbon dioxide evolved, and determining the loss in weight 
of the heated substance, showed that the decomposition took place 
according to the equation 


C,,H,0, = C,,H,,0; a CO, + H,0. 


Isocinnamenylmandelic acid is identical with the acid obtained by 
Japp and Miller by the oxidation of anhydracetonebenzil (Trans., 1885, 
47, 30), and regarded by them as £-benzoylhydrocinnamic (desylacetic) 
acid. The lower melting point (152°) which they found is accounted 
for by the fact that, in the method of preparation employed by them 
benzoic acid is simultaneously formed, and it is difficult to free the 
substance from it, except by repeated recrystallisation. A speci- 
men prepared by them, which we examined, contained a little benzoic 
acid, but was otherwise indistinguishable from that just described. 

Owing to the*circumstance that Japp and Miller erroneously as- 
cribed to this acid the constitution of desylacetic acid, and that Victor 
Meyer and Oelkers, who afterwards prepared the true desylacetic acid, 
were apparently unaware of the existence of an acid for which this 
constitution had already been claimed, and therefore made no compa- 
rison of the two acids, the properties of both—often of a somewhat 
contradictory character—figure side by side in Beilstein’s Handbuch 


mandelic acid, 
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(3rd ed., vol. ii, p. 1713) as those of desylacetic acid. As it would be 
impossible for any one, without studying the original memoirs, to assign 
these properties to the compounds to which they belong, we append, in 


tabular form, a comparison of the two acids. 


Isocinnamenylmandelic Acid. 
CsH,°C:CH, 
C.H;° 6(OH)COOH 


Desylacetic Acid. 
C,H,*CH*CH,° COOH 
C,H,;°CO 


1. Crystallises from benzene in tufts 
of needles, melting at 161°. 

2. The solution in sodium carbonate 
is instantaneously oxidised by per- 
manganate in the cold. 

3. Not reduced by sodium amalgam 
in alkaline solution. 


4. When boiled for a few minutes 
with fuming hydriodic acid, is reduced 
to isophenethylmandelic acid (v. infra). 


5. Does not interact with phenyl- 
hydrazine or with hydroxylamine. 

6. Yields, with acetic anhydride, a 
monacetyl derivative (v. infra). 

7. Heated above its melting point, 
it parts with water yielding a compound 
C,,H,,0,, m. p. 118—120° (v. infra). 


1. Crystallises from benzene in lustrous 
octahedra, melting at 162°. 

2. Sodium salt stable towards per- 
manganate in the céld. 


8. Reduced to By-diphenyl-y-hydroxy- 
butyric acid, which when liberated from 
itssalts, formsthe lactoneC,H,*CH *CH, 

CsH;° CH-CO - 
— 


O 

(To be described in a subsequent paper.) 

4. Not reduced by this treatment. 
Longer boiling, however, reduces it to 
By-diphenylbutyric acid. (To be de- 
scribed in a subsequent paper. ) 

5. Yields, with phenylhydrazine, 
anilinodiphenylpyrrholone (Klingemann). 

6. Action not studied. 


7. Yields diphenylcrotolactone, m. p. 
151°5° (Klingemann). 


The barium salt, (C,,H,,0,),Ba,2H,O, given by Beilstein under 
desylacetic acid, was prepared by Japp and Miller, and is a salt of 


isocinnamenylmandelic acid. 


The fact that isocinnamenylmandelic acid is not reduced by sodium 


amalgam, shows that the unsaturated group, the presence of which is 
proved by the behaviour of the acid towards permanganate, is not in 
the af-position relatively to the carboxyl group. 

Action of Hydriodic Acid and of Hydrochloric Acid on Diphenyldiy- 
droxyglutaric Acid. Formation of Desylacetic Acid and Diphenylcroto- 
lactone.— Five grams of diphenyldihydroxyglutaric acid were boiled 
with excess of fuming hydriodic acid (sp. gr. 1°96) for 5 minutes. The 
ethereal solution of the product was shaken with aqueous sulphur 
dioxide, washed with water, and then treated with a solution of sodium 
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carbonate, which extracted an organic acid, whilst a neutral substance 
remained, dissolved in the ether. The reprecipitated acid was purified 
by recrystallisation from benzene, from which it was deposited in the 
characteristic lustrous octahedra of desylacetic acid, melting at 161°. 
The yield was 0-7 gram. When dissolved in sodium carbonate and 
treated with a drop of permanganate in the cold, no action occurred, 
showing that it was free from the isomeric isocinnamenylmandelic acid. 
Analysis gave figures agreeing with the formula of desylacetic acid. 
Found : C=7554; H=5°57. Calculated for C,,H,,O,: C=75°59 ; 
H=5'51 per cent. It was in every respect indistinguishable from a 
specimen of desylacetic acid prepared by Knoevenagel’s method (from 
sodium deoxybenzoin and ethylic iodoacetate, hydrolysing the ethereal 
salt thus obtained). 

The ethereal solution which remained after the desylacetic acid had 
been removed by sodium carbonate, left on evaporation a neutral 
substance which crystallised from benzene in tufts of needles melting 
at 150°. It was identical with Klingemann’s diphenylcrotolactone 
(m. p. 151°5°), which he obtained by the dehydrating action of heat on 
desylacetic acid (Annalen, 1892, 269, 134). A supersaturated solution 
of the substance in benzene crystallised immediately on adding a crystal 
of diphenylcrotolactone. A simultaneous formation of desylacetic acid 
and diphenylcrotolactone, by the action of hydriodic acid on desylene- 
malonic acid, was observed by Japp and Davidson (Trans., 1895, 67, 
136). 

As the action of hydriodic acid on diphenyldihydroxyglutaric acid 
was thus not a reduction, but merely an elimination of carbon dioxide 
and water, it seemed probable that hydrochloric acid would have the 
same effect. This was found to bethe case. Diphenyldihydroxyglutaric 
acid, boiled with fuming hydrochloric acid for 10 minutes, gave 
desylacetic acid, which, after purification, crystallised in the charac- 
teristic octahedra and melted at 160°. An acid melting at 185° was 
simultaneously formed, but in quantity too small for further examina- 
tion, 

‘ Action of Hydriodic Acid on Isocinnamenylimandelic Acid. Forma-. 
tion of Isophenethylmandelic Acid.—-Five grams of isocinnamenyl- 
mandelic acid were boiled with excessof fuming hydriodic acid (sp. gr. 1°96) 
for 5 minutes. The product, dissolved in ether and freed from iodine by 
sulphurous acid, was separated by sodium carbonate into two substances: 
an acid and a neutral oil, the latter of which was not further examined. 
The acid crystallised from benzene in small, oblong plates, generally 
grouped together into rosettes, melting at 134—136°. The solution in 
sodium carbonate was stable towards permanganate in the cold, showing 
that the ethylene group of isocinnamenylmandelic acid had taken up 
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hydrogen during the reduction. Analysis gave figures agreeing with 

C,H; CH-CH 3 

C,H, C(OH):COOH 

01214 gave 0°3339 CO, and 0:0688 H,O. C=75:01; H=6:29. 

0°1306 gave 0:3592 CO, and 0°0749 H,O. C=7501; H=6:31. 
C,,H,,0, requires C= 75°00 ; H=6'25 per cent. 


those required for isophenethylmandelie acid, 


We endeavoured, by carrying the reduction further, to convert this 
acid into aB-diphenylbutyric acid, in order to compare it with the 
By-diphenylbutyric acid which we describe in a subsequent paper. 
For this purpose, 10 grams of isocinnamenylmandelic acid were 
boiled for 5 hours with hydriodic acid (sp. gr. 17) and amorphous 
phosphorus. A considerable quantity of neutral oil was formed, 
together with a mixture of acids. We could not succeed in separating 
the latter from one another, owing to the small quantity of substance 
at our disposal. 

Action of Acetic Anhydride on Tsocinnamenylmandelic Acid. Forma- 
tion of the Monacetyl Derivative—One gram of isocinnamenylmandelic 
acid was warmed with acetic anhydride at 100° for 14 hours, the excess of 
anhydride was distilled off under reduced pressure, and the residue twice 
crystallised from benzene. The acetyl derivative was deposited in tufts 
of needles melting, without decomposition, at 145—146°. Analysis of 
the substance, dried at 90°, gave figures agreeing with the formula 


C,,H,,0,(C,H,0). 
0:0856 gave 0°2292 CO, and 0:0445 H,O. C=73:02; H=5°77. 
C,,H,,0, requires C= 72°97 ; H=5-41 per cent. 


Action of Heat on Isocinnamenylmandelic Acid.—Three grams of 
isocinnamenylmandelic acid were introduced into a small distilling 
flask, which was exhausted by a Sprengel mercury pump and heated in 
a glycerol bath at 160° until the evolution of gas had almost ceased. 
The gas, which was removed by the pump during the process, was 
collected and examined. It was found to be pure carbon dioxide, and 
its volume was 120 c.c. (standard-dry), or rather less than half of that 
which would have been evolved had the whole of the acid been decom- 
posed with elimination of this gas. The substance remaining in the 
flask was dissolved in ether and shaken with a solution of sodium 
carbonate, which extracted only a trace of an acid, but caused the 
separation of oily drops which remained suspended in the aqueous 
liquid ; addition of benzene readily removed these. The ether-benzene 
solution was evaporated to a small bulk and alcohol added ; this caused 
the separation of large, yellow, prismatic crystals. Recrystallised from 
hot alcohol, the substance was deposited in yellow needles, closely 
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resembling benzil in appearance, but melting at 118—120°. Further 
recrystallisation did not remove the colour or alter the melting point. 
Analysis gave figures pointing to the formula C,,H,,0,. 
0°1602 gave 04769 CO, and 0:°0746 H,O. C=81:19; H=5:17. 
C,,H,,0, requires C = 81°35 ; H=5-09 per cent. 

The substance is formed from isocinnamenylmandelic acid according 

to the equation 

C,H, ,0; = C,,H,,0, + H,0, 
and the evolution of carbon dioxide observed is due to another reaction, 
the product of which is probably the oily substance which remains 
after the removal of the foregoing crystals; but we could not succeed 
in isolating any definite compound from this. 

The compound C,,H,,0, (m. p. 118—-120°) is insoluble in aqueous 
caustic alkali; but if it is dissolved in alcoholic caustic soda, and the 
solution evaporated to dryness, the residue is soluble in water. On 
acidifying, an organic substance is precipitated ; but the quantity at 
our disposal did not suffice for further examination. If the compound 
C,,H,,0, is a lactone, it cannot be formed from isocinnamenylmandelic 
acid except by an intramolecular change. 


CHEMICAL DEPARTMENT, 
UNIVERSITY OF ABERDEEN. 


IX.—Synthesis of Pentacarbon Rings. Part II. COon- 
densation of Benzil with Acetone Dicarboxylic Acid. 


By Francis Rosert Japp, F.R.S., and Gzorce Druce Lanper, B.Sc. 


Benzit and acetonedicarboxylic acid, when gently warmed with dilute 
alcoholic potash, condense according to the equation 


: CH,,cCOOH 
nk We <n ee, 48 C. 
C,H,CO " (| C,H," C(OH)-CH—COOH 

CH, COOH 


yielding anhydracetonebenzilcarboxylic acid (melting at 167—168°). 

In the preliminary note on this subject which we published (Proc., 
1896, 109), this acid was formulated as an analogue of isophenanthroxyl- 
ene-acetoacetic acid Coll, a ipa, a (Japp and Klinge- 

C,H,* C(OH):CH, 
mann, Trans., 1891, 59, 2). Further investigation, however, has shown 
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that this analogy does not hold. Thus, whilst isophenanthroxyleneaceto 
acetic acid, dissolved in sodium carbonate, is stable towards permangan- 
ate in the cold, anhydracetonebenzilcarboxylic acid is rapidly oxidised. 
This difference in behaviour is in keeping with the formule here as- 
cribed to these acids, the oxidisable acid containing, and the stable acid 
not containing, hydrogen directly united to the ethylene group. The 
position of the carboxyl group in anhydracetonebenzilcarboxylic acid is 
thus identical with that of the alkyl group in the mon-alky] derivatives 
of anhydracetonebenzil (see preceding paper). 

When anhydracetonebenzilearboxylic acid is boiled for a few 
minutes with fuming hydriodic acid, it is reduced and at the same 
ry deprived of carbon dioxide, yielding a diphenylcyclopentenone, 

 H,-C-CH, 
OH. f, on (m. p. 110°), identical with that obtained from 
anhydracetonebenzil itself (see preceding paper). 

By oxidation with sodium hypobromite, anhydracetonebenzilcarboxylic 
acid yields a mixture of diphenylmaleic and diphenylfumaric acids, these 
two substances being produced in approximately equal quantity. <A 
change in the position of the double bonds takes place during this 
process. The corresponding change which occurs in the formation 
of diphenyleyclopentenone has been discussed in the preceding paper. 

When oxidised with chromium trioxide in acetic acid solution, it 
parts with 2 atoms of hydrogen, yielding an acid of the formula 
C,,H..0, (melting at 205—207°, with decomposition). 

The action of phenylhydrazine is complex. The primary product is 
a yellow compound, apparently the hydrazone ; but this readily changes, 
especially on recrystallisation, into dark red needles of a substance 
melting indefinitely about 200°, formed by elimination of 1 mol. of 
water from 2 mols. of the hydrazone, 


2C,,H9N,0; — H,O = CygH3N,0,. 


EXPERIMENTAL 


Preparation of Anhydracetonebenzilearboaxylic Acid.—Twenty-one grams 
of finely-powdered benzil and 15 grams of acetonedicarboxylic acid 
were introduced into a flask along with sufficient alcohol to dissolve 
the benzil in the subsequent process of warming. To this were added 
17 grams of potassium hydroxide dissolved in 20 c.c. of water and 100 
c.c. of alcohol, after which the mixture was very gently warmed on the 
water bath until everything had dissolved. The flask was then re- 
moved from the water bath, and allowed to stand. Too long heating, 
or too high a temperature, decomposes the acetonedicarboxylic acid, and 
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must therefore be avoided ; and for the same reason, the benzil should 
be previously powdered, in order that it may the more readily dissolve. 
On standing, the liquid deposited a potassium salt, which was separated 
by filtration, washed with cold alcohol to remove adhering caustic potash, 
and then boiled with alcohol, in which it is only sparingly soluble ; it was 
thus freed from benzil and dark-coloured impurities. From the solution 
of this salt in water, the new acid was precipitated by dilute sulphuric 
acid. It was purified by dissolving it in hot glacial acetic acid and di- 
luting with hot water ; on standing, the liquid deposited crystals of the 
new acid. It may also be recrystallised from a large bulk of boiling 
water. From either of these solvents, it crystallises in two forms : (1) 
small, thickish, oblong plates, frequently grouped into rosettes ; this 
form is auhydrous and melts at 167—168°; and (2) thin, very lustrous 
plates, or flat needles, containing 1H,O; these melt on the water bath, 
but the fused substance speedily re-solidifies in crystals of the first form, 
and then melts at 167—168°. With concentrated sulphuric acid, it gives 
an intense red coloration, resembling that produced by benzilic acid 
under the same circumstances. Its sodium salt is rapidly oxidised by 
permanganate in the cold (von Baeyer’s test for non-saturation). 

Analysis * of a specimen recrystallised from a mixture of ethylic 
acetate and light petroleum gave figures agreeing with the formula 
CisH,,0,. 


0:2972 gave 0°7996 CO, and 0°1304 H,O. C= 73:37; H = 4°87. 
02084 ,, 05605 CO, ,, 0°0922 H,O. C=73:35; H=4:91. 
C,,H,,0, requires C = 73°47 ; H = 4-76 per cent. 


In order to indicate its relationship to anhydracetonebenzil, we have 
named it anhydracetonebenzilearboxylic acid. 

0:4585 of the lustrous plates, deposited from water, lost, on heating 
at 100°, 0°0254. H,O = 5:54 per cent. 


C,,H,,0,,H,O requires H,O = 5°76 per cent. 


The silver salt was obtained as a white precipitate by adding silver 
nitrate to a solution of the ammonium salt. 0°3756, dried at 80°, gave, 
on ignition, 0°1006 Ag = 26°78 per cent. C,,H,,0O,Ag requires 
Ag = 26°93 per cent. 

Action of Concentrated Hydriodic Acid on Anhydracetonebenzilcar- 
boxylic Acid. Formation of Diphenyleyclopentenone.—Ten grams of an- 
hydracetonebenzilcarboxylic acid were boiled with excess of concen- 


* The acid was prepared and analysed by Dr. J. Bishop Tingle, who began this 
research, jointly with one of us, in the Chemical Laboratory of the Royal College of 
Science, London, in 1890. The work was interrupted at the time by Dr. Tingle’s 
departure from London. 
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trated hydriodic acid (sp. gr. 1°96) for 5 minutes. The solid mass left 
on cooling was washed with water, extracted with ether, and the 
ethereal solution freed from iodine in the usual way with sulphurous 
acid. The product of reduction was not an acid. It was difficult to 
purify, but as we could perceive that it was diphenylcyclopentenone, 
we recrystallised it, as recommended by Japp and Burton, from a large 
volume of boiling water and afterwards from alcohol. It was thus 
obtained in thin, yellowish prisms melting at 110°, which is the melting 
point of diphenylcyclopentenone. Analysis gave figures agreeing with - 
the expected formula C,,H,,0. Found: C=87:°02 H=6:24, Calcu- 
lated: C=87'18 ; H=5'98 per cent. 
It is formed according to the equation 


C,sH,,0, + H, = C,H, ,0 + CO, + H,0. 


Oxidation of Anhydracetonebenzilcarboxylic Acid with Sodium Hypo- 
bromite. Formation of Diphenylmaleic and Diphenylfumaric Acids.— 
Twenty grams of anhydracetonebenzilcarboxylic acid were dissolved in 
caustic soda, a solution of 60 grams of bromine in excess of caustic soda 
was added, and the mixture allowed to stand at the ordinary tempera- 
ture for a fortnight, after which it was saturated with sulphur dioxide, 
precipitated with dilute sulphuric acid, and the precipitate taken up 
with ether. The ethereal solution was extracted, first with aqueous 
sodium carbonate, which removed an organic acid, and then with 
aqueous caustic soda, which took up a substance insoluble in the car- 
bonate. On acidifying the caustic soda solution, a yellowish precipitate 
was obtained ; this was recrystallised from benzene, from which it was 
deposited in the characteristic, greenish-yellow, fluorescent crystals of 
diphenylmaleic anhydride, melting at 156°. Found: C= 76°71 ; H=4:05. 
Calculated for C,,H,,O,: C=76'80; H=4°00 per cent. The yield 
was 3 grams. 

The sodium carbonate extract gave, on acidification, a precipitate of 
an acid. This was deposited from ethylic acetate, on the addition of 
benzene, in colourless needles, melting, when rapidly heated, at 276° 
with evolution of gas (aqueous vapour). The yield was 3 grams. 
Analysis showed that the substance had the composition of diphenyl- 
fumaric acid. Found: C=71°42; H=4'50. Calculated for C,,H,,0, : 
C=71:64 ; H=4°48 per cent. 

Reimer (Ber., 1882, 15, 1627) gives 260° as the melting point of this 
compound. It does melt at that temperature, if kept there long enough ; 
but, when rapidly heated, it melts as above at 276°. The lower melting 
point is doubtless due to the slow conversion of the substance into 
diphenylmaleic anhydride and water. 

Owing to this discrepancy in the melting point, we thought it necessary 
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to identify the diphenylfumaric acid still further by transforming it 
into diphenylmaleic anhydride. For this purpose, a portion of it was 
heated in a Sprengel vacuum at 260°. Only water was given off, while 
a yellowish substance sublimed and collected in crystals in the upper 
part of the flask. The product was deposited from benzene in greenish- 
yellow, fluorescent prisms, melting at 156°, and was diphenylmaleic 
anhydride. 

Oxidation of Anhydracetonebenzilcarboxylic Acid with Chromium 
Triowide.—Ten grams of anhydracetonebenzilcarboxylic acid were dis- 
solved in a little glacial acetic acid, and the solution was diluted with 
water, but not so as to cause precipitation. Eight grams of chromium 
trioxide dissolved in a little water were then added, and the liquid was 
warmed on the water bath until the oxidation appeared to be complete; 
after which the dark green solution was poured into excess of water. 
The precipitate was collected, extracted with sodium carbonate, and the 
organic acid reprecipitated and purified by recrystallisation, first from 
benzene, and afterwards from ethylic acetate. It crystallised in minute 
needles, melting with evolution of gas at 205—207°. (The melting 
point 201° was erroneously given in our first note.) 

Analysis gave figures agreeing with the formula C,,H,,0, showing 
that the new acid had been formed from anhydracetonebenzilcarboxylic 
acid by the withdrawal of two atoms of hydrogen. 


0:1194 gave 0°3241 CO, and 0:0463 H,O, C=74:02; H=4°31. 
0:1850 ,, 0°4994CO, ,, 0:0682 H,O. C=73°63 ; H=4:09. 
C,,H,,0, requires C= 73°97 ; H=4:11 per cent. 


The silver salt was obtained as a white precipitate by adding silver 
nitrate to a solution of the ammonium salt. It was dried at 80°. 


01691 gave 0°0457 Ag. Ag=27:02. 
C,,H,,0,Ag requires Ag= 27:07 per cent. 


Action of Phenylhydrazine on Anhydracetonebenzilcarboxylic Acid.— 
Five grams of anhydracetonebenzilcarboxylic acid were boiled with 
phenylhydrazine in alcoholic solution. Almost immediately, a crystal- 
line substance of a clear, yellow colour was deposited. This was 
separated by filtration and extracted with boiling benzene, in which it 
is only sparingly soluble. The yellow residue was then dissolved in 
boiling alcohol, which deposited it in dark red needles, the substance 
having undergone a change during recrystallisation. The benzene 
extract also yielded red needles. The melting point was very indefinite, 
as the substance decomposed in melting: the point of decomposition 
lay somewhat over 200°. Some specimens which had been purified by 
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recrystallisation from a mixture of ethylic acetate and light petroleum, 
or acetone and light petroleum, melted lower than this (180—182°). 

If acetic acid is used as asolvent in the preparation of the compound, 
the red substance is formed at once; but too high a temperature must 
be avoided, otherwise the product is resinified. The substance separates 
from the acetic acid solution on dilution with water. 

Analyses of specimens prepared by both methods gave identical figures. 


01756 gave 0°4947 CO, and 0:0832 H,O. C=76:83; H=5:26. 
01134 ,, 03181 CO, ,, 00542 H,O. C=7650; H=5°31. 
0°1838 ,, 12:20c.c. moist nitrogen at 15°and 753 mm. N=7-69. 
01123 , 740, ,, » 16° ,, 7505 mm. N =7'58. 
C,,H,.N,0, requires C= 76°80 ; H=5°07 ; N=7-47. 


We have already pointed out that the formation of such a compound 
might be accounted for by supposing 2 mols. of the normal hydra- 
zone, O,,H,,N,O, (possibly represented by the yellow compound), to 
unite with elimination of 1 mol. of water. 

The unstable yellow compound was not analysed. 


CHEMICAL DEPARTMENT, 
UNIVERSITY OF ABERDEEN. 


X.—Synthesis of Pentacarbon Rings. Part III. 
Condensation of Benzil with Levulic Acid. 


By Francis Ropert Japp, F.R.S., and THomas Sutra Murray, D.Sc. 


Hueco Erpmann (Annalen, 1889, 254, 187 ; 1890, 258, 129) has shown 
that, in the condensation of benzaldehyde with levulic acid, the benzal 
group attaches itself to the levulic acid chain either in the £- or in the 
8-position, according to the nature of the condensing agent employed. 
Thus either f-benzallevulic acid, C,H, CH:0<or CGH or 8-benzal- 
levulic acid, C,H,»CH:CH:CO-CH,*CH,°COOH, is formed, accord- 
ing as the dehydrant is fused sodium acetate or dilute caustic alkali. 

We find that, in the condensation of benzil with levulic acid under 
the influence of caustic potash, both carbonyl groups of the benzil, and 
both the B- and the 5-groups in the levulic acid chain, take part in the 
condensation. Two isomeric acids are obtained, the formation and 
constitution of which may be represented as follows. 
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C,H;*CO ‘ CHs~co 
C,H,: CO CH, - CH,-COOH 
C,H; *C(OH): CH, *>00 
“ae ,H,° C- ——C + CH,-COOH C,H," C(OH): CH - CH,:COOH 
a- scheteduadibiiniis acid. B- Anhydrobensillevalic acid (known 
only in its salts). 
the latter substance being formed in subordinate quantity. 

The condensation is analogous to that which occurs in the formation 
of anhydracetonebenzil and its homologues (see Part I. of this series of 
papers), the same cyclopentene group being formed in both cases. The 
relationship of the two anhydrobenzillevulic acids to anhydracetone- 
benzil might be indicated by naming them anhydracetonebenzilethyloic 
acids. The formation of the two acids might be accounted for by sup- 
posing the first stage of the reaction to consist in a di-aldol condensa- 
tion, leading to a hypothetical intermediate compound of the formula 


C,H," O(OH)-CH, >0 
C,H,-C(OH)-CH ~ CH,-COOH’ 


which might then part with a molecule of water in two different ways, 
yielding the two anhydrobenzillevulic acids. 

The sodium salt of the B-acid is instantaneously oxidised by perman- 
ganate in the cold, whilst that of the a-acid is only slowly oxidised. 
This behaviour is in accordance with the foregoing formule, in which 
the B-acid contains, and the a-acid does not contain, hydrogen directly 
attached to the ethylene group. (See Part I.) 

The a-acid is stable in the free state, the B-acid, when liberated from 
its salts, spontaneously parts with water, changing into the lactone, 


C,H," C-CH 

C,H," C:CH 

O-CO 

The action of the a-acid with hydroxylamine is abnormal, an addition 


of hydrogen, effected by the excess of hydroxylamine, accompanying the 
formation of the oxime : 


C,,H,,0,+NH,OH + H, = C,,H,,0,(N-OH) +H,0. 


>Co 


2 


The action of the f-acid with hydroxylamine was not studied for 
want of material. 

Both the a-acid and the lactone, when boiled for a short time with 
fuming hydriodic acid, are converted into the same diphenyleyclopen- 
C,H,° C CH, 


tenonethyloic acid, CO , a change in the position 
CCH ~ CH,-COOH 


VOL. LXXI. L 
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of the double bonds accompanying the reduction. That this change 
occurs is shown by the formation of this compound both from the a-acid 
and from the lactone of the f-acid, and also by the fact that diphenyl- 
cyclopentenonethyloic acid yields, on oxidation with sodium hypo- 
bromite, a mixture of diphenylmaleic and diphenylfumaric acids. We 
do not, however, lay much stress on this last argument, as anhydrace- 
tonebenzilcarboxylic acid, in which the double bonds are not in the 
position which they occupy in diphenylmaleic and diphenylfumaric 
acids, gives a mixture of these two acids on oxidation (see preceding 
paper). The formation of the fumaroid form in these cases is anoma- 
lous ; one would expect that, in the opening out of the closed chain, 
only the malenoid form would be produced. 

Diphenylcyclopentenonethyloic acid yields an oxime. 

If a-anhydrobenzillevulic acid is boiled with hydriodic acid and 
amorphous phosphorus for some hours, the diphenylcyclopentenonethy- 
loic acid, which is first formed, is further reduced and at the same time 
parts with carbon dioxide, yielding methyldiphenylcyclopentane, 


CoH, CH-CH cy 
C,H, CH: CH * CH, 


a homologue of the diphenylcyclopentane obtained from anhydracetone- 


benzil. Only one of the possible stereoisomeric forms of this hydro- 
carbon was observed. 


EXPERIMENTAL. 


Preparation of a-Anhydrobenzillevulic Acid and B-Anhydrobenzillevulo- 
lactone.—One hundred and five grams of benzil are dissolved with the aid 
of heat in 300 c.c. of alcohol ; 58 grams of levulic acid are added, and the 
mixture is cooled, shaking the flask all the time to prevent the benzil from 
separating in large crystals. To the magma thus obtained, a solution of 
50 grams of caustic potash in 75 c.c. of water is added, and the whole 
is heated on the water bath to boiling for about 20 minutes, after which 
it is poured into water and the solution saturated with carbon dioxide, 
to prevent the excess of caustic alkali from exercising any decomposing 
action during the subsequent evaporation. The liquid is then evapo- 
rated until the whole of the alcohol is expelled ; a large bulk of water 
is added, and the solution, after filtering, if necessary, is precipitated 
with dilute sulphuric acid, adding the acid gradually to the hot liquid, 
so as to prevent the simultaneous precipitation of salts. By stirring 
vigorously and heating on the water bath, the organic acids are obtained 
as a tarry mass, from which the supernatant liquid can be poured off. 
On standing for two or three days, this mass solidifies. It is then 
ground ina mortar and thoroughly extracted with boiling water, to 
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remove salts and sulphuric acid, after which it is twice boiled with a 
solution of sodium carbonate ; this extracts the a-anhydrobenzillevulic 
acid, leaving the B-anhydrobenzillevulolactone as a brown powder, the 
treatment of which will be described later on. The solution of the 
sodium salt is then precipitated with dilute sulphuric acid, washing the 
organic acid thoroughly with water. It is dried, extracted with a small 
quantity of boiling benzene, which removes most of the brown colouring 
matter, dissolved in the smallest possible quantity of hot glacial acetic acid, 
and an equal bulk of benzene added. On standing, the solution deposits 
the acid in needles. It is sufficiently pure for the study of its reactions, 
but it was further purified for analysis by recrystallisation from a mix- 
ture of ethylic acetate and light petroleum. The yield of once crystal 
lised substance from the above quantities, conducting the operation as 
described, ranges from 70 to 80 grams ; but more may be obtained from 
the mother liquor. 

a-Anhydrobenzillevulic acid crystallises in colourless needles, melting 
with decomposition at 178—179°.* It is readily soluble in alcohol, 
glacial acetic acid, and ethylic acetate ; but only sparingly in benzene 
and ether. It is only very sparingly soluble in boiling water, but may 
be obtained pure by recrystallisation from a large bulk of this solvent. 
It gives a brown coloration with concentrated sulphuric acid. 

Analysis f gave figures agreeing with the formula C,,H,,0,. 


03414 gave 0°9230 CO, and 0°1558H,O. C = 73°73; H = 5:07. 
02436 ,, 0°6602 CO, ,, 01114H,0. C= 73°91; H = 5°08. 
C,,H,,0, requires C = 74:02; H = 5°19 per cent. 


The sodium, potassium, and ammonium salts are sparingly soluble in 
cold, readily in hot, water. The barium salt, obtained by precipitation 
from the ammonium salt, crystallised from dilute alcohol and gave 
figures agreeing with the formula (C,,H,.0,),Ba,5H,O. 


0°2802 lost, at 150°, 0-0297, and the residue gave 00776 BaS0O,. 
H,O = 10°6; Ba (in anhydrous salt) = 18°22 per cent. 


(C,,H,,0,).Ba,5H,O requires H,O = 10°7 per cent. 
(C,,H,,0,);Ba requires Ba = 18-27 per cent. 


The process of heating with dilute sulphuric acid to which the 
freshly-precipitated mixture of anhydrobenzillevulic acids is subjected 
ensures that any f-acid which may be present is converted into lactone, 


* By an unfortunate transposition of the figures in writing the preliminary note 
which we published on this subject (Proceedings, 1896, 146), this melting point was 
erroneously given as 187—189°, 

+ These analyses were made by Dr. J. Bishop Tingle, by whom the acid was first 
prepared. (See footnote to preceding paper. ) 
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which remains undissolved when the a-acid is extracted with sodium 
carbonate. The brown powder thus obtained (v. supra) is washed with 
ether, which removes much of the colouring matter, and is then 
recrystallised several times from benzene ; it is thus obtained in well- 
defined, colourless, flat prisms, or plates, with bevelled edges, melting at 
151—152°. It is moderately soluble in benzene and alcohol, sparingly 
in ether, and insoluble in light petroleum. It gives a pale yellow colora- 
tion, with concentrated sulphuric acid. The yield is small; only 
8 grams of the lactone were obtained from 210 grams of benzil. 

Analysis gave figures agreeing with the formula of B-anhydrobenzii- 
levulolactone, C,,H, ,O.. 


0°1455 gave 0°4183 CO, and 0:0646 H,O. C=78:40; H=4:93. 
0°1501 ,, 0°4315 CO, ,, 0°0668 H,O. C=78-40; H=4:94. 
C,,H,,0, requires C= 78°62 ; H = 4°83 per cent. 


A cryoscopic determination of the molecular weight, using benzene 
as a solvent, gave a result in accordance with the foregoing formula. 


Weight of Weight of Mol. 
substance. solvent. Depression. weight. 
0°1070 23°435 0-08° 280 
C,9H,,0, = 290. 


B-Anhydrobenzillevulic acid, when freshly precipitated from solutions 
of its alkali salts, is soluble in sodium carbonate; but after standing 
for some time under the liquid, it no longer dissolves, and is found to 
have been transformed into the lactone. 

The silver salt of B-anhydrobenzillevulic acid was, after several 
-unsuccessful attempts to prepare it from the ammonium salt, obtained 
by the following method. The lactone was dissolved in alcohol, and 
alcoholic potash was added so as to leave the lactone in excess. This 
point could easily be observed, owing to the change in the colour 
of the solution, which occurred as soon as the potash was in excess, in 
which case it was necessary to add more lactone. The solution was 
then evaporated to dryness, the residue dissolved in water, and the 
liquid filtered from unattacked lactone. From the solution of the 
potassium salt, the silver salt was obtained as a white precipitate by 
adding excess of silver nitrate. It was dried in a vacuum and analysed. 


0°7908 gave 0°2062 Ag. Ag=26-07 per cent. 
C,,H,,0,Ag requires Ag = 26-02 per cent. 


Behaviour of a- and B-Anhydrobenzillevulic Acids towards Perman- 
ganate.—The sodium salts of the two acids were employed, that of the 
B-acid being prepared from the lactone by the method just described in 
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the case of the potassium salt, and recrystallised several times to 
ensure purity. Solutions of the two salts, of equal strength, were 
mixed with sodium carbonate, and a drop of permanganate solution was 
added to each. The change to a brown colour was instantaneous in 
the case of the B-salt, but required one or two minutes in the case of 
the a-salt. This, as has already been pointed out, is in keeping with the 
difference in the constitution of the two acids. 

Action of Hydroxylamine on a-Anhydrobenzillevulic Acid.—Nine 
grams of the finely-powdered acid were suspended in about 100 c.c. of 
water, and 4:2 grams of hydroxylamine hydrochloride and 12 grams of 
caustic potash, each dissolved in water, were added. The mixture was 
allowed to remain, with occasional shaking, for 3 days, at the end 
of which time almost everything had dissolved. The liquid was filtered, 
and carbon dioxide was passed into the clear solution. The dense 
white, granular precipitate thus produced was filtered off, and washed 
with a little cold water. It was found to be the potassium salt of an 
oxime. It was soluble in much water, and apparently unaltered even 
by long boiling. 

The oxime was obtained from this potassium salt by treating it with 
excess of cold, dilute sulphuric acid and extracting rapidly with ether ; 
the ethereal solution, after washing it with water and allowing it to 


evaporate spontaneously, left an oil, which was dried in a vacuum over 
sulphuric acid. By dissolving this oil in ethylic acetate and adding 
benzene, the oxime was deposited in tufts of white needles, which, when 
dried, had a matted appearance. The substance was several times 
recrystrallised from the same mixture. It melted, with decomposition, 
at 122—123°, 

The analytical figures appeared to point to the formula 


C,oH,,0,(N- OH), 
which is that of a normal oxime plus 2 atoms of hydrogen. 


0°1352 gave 0°3459 CO, and 0:0694 H,O. C=69-75 ; H=5-70. 

01358 ,, 03475 CO, ,, 0:°0690H,O. C=69°80; H=5°65. 

01053 ,, 0:2693 CO, ,, 0°0550H,O. C=69°75; H=5-°80. 

0:2384 ,, 8:02 ¢.c. moist nitrogen at 14° and 760mm. N=3°95. 

02058 , T04ec. ,, a » 11° ,, 759mm. N=4:-07. 
C,,H, NO, requires C= 70°15 ; H=5°85 ; N=4°31. 


The oxime is sparingly soluble in water. Boiled with water, it dis- 
solves ; on further heating, carbon dioxide is evolved, and a yellowish 
substance separates, insoluble in alkalis. We were unable to obtain 
this substance in a crystallised state, and did not examine it further. 

The silver salt of the oxime was obtained as a white precipitate by 
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adding silver nitrate to a solution of the potassium salt. For analysis, 
it was dried at 100°. 


0°2660 gave 0°0669 Ag. Ag=25°15. 
C,,H,,NO,Ag requires Ag = 25-00 per cent. 


The foregoing sparingly soluble potassium salt was not analysed, but 
was doubtless the monopotassium (carboxylic) salt corresponding with 
this silver salt. The solution in excess of caustic potash must have 
contained a soluble dipotassium (carboxylic and oximic) salt which was 
converted by carbon dioxide into the monopotassium salt. The same 
phenomenon is exhibited in the case of another oximino-carboxy-acid 
described later on. 

Reduction of a-Anhydrobenzillevulic Acid with Hydriodic Acid.—In 
the first experiment which we made to reduce this acid by boiling it 
with hydriodic acid, great difficulty was found in obtaining the product 
in a crystallised form. As the substance was an acid, salts of it were 
prepared ; but these showed equally little disposition to crystallise. At 
last it was found that in a specimen of the gummy reduced acid, 
which had been allowed to stand for some months covered with benzene, 
and protected from evaporation, a small rosette of prisms had formed. 
This was freed from the adhering gummy substance, and was used in 
starting subsequent crystallisations. It was also found that the 
product was more readily crystallisable if the boiling with hydriodic 
acid was not continued longer than was absolutely necessary for the 
reduction. The following process gave a good result. 

Forty grams of finely-powdered a-anhydrobenzillevulic acid were 
heated to boiling with excess of fuming hydriodic acid (sp. gr. 2°0) for 
about a minute and a half, shaking the flask continually during the 
process. The substance melted. It was then poured into water and 
the liquid extracted twice with ether. The ethereal solution was 
decolorised with sulphurous acid, well washed with water, and dried 
with calcium chloride. On evaporation, it left a gum, which was 
dissolved in benzene, and the crystallisation was started by means 
of the crystalline substance already mentioned. A mass of hard 
crystals, embedded in the syrupy benzene solution, was thus obtained. 
The syrup was removed with the aid of the filter-pump, and the 
crystals, after washing with benzene, were redissolved in this solvent. 
The solution deposited 31 grams of almost pure substance, which gave 
practically no colour with concentrated sulphuric acid, showing the 
almost entire absence of unchanged a-anhydrobenzillevulic acid. 
Recrystallised once more from benzene, it melted constantly at 126— 
127°, and now gave no coloration with sulphuric acid. It forms 
rosettes of prisms. It is slightly soluble in boiling water and separates 
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again on cooling ; readily soluble in ether, alcohol, or benzene; in- 


soluble in light petroleum. 
Analysis showed that the original acid had parted with an atom of 


oxygen during the reduction, yielding an acid of the formula C,,H,,0,. 


0°1281 gave 0°3674 CO, and-0°0642 H,O. C=78:22; H=5-°57. 
01258 ,, 03601 CO, ,, 0°0635H,O. C=78-07; H=5°6l. 
C,,H,,0, requires C= 78:08; H=5-48 per cent. 


We have already given reasons for regarding this compound as 
diphenyleyclopentenonethyloic acid. 

The silver salt was obtained by precipitating the ammonium salt 
with silver nitrate. For analysis, it was dried at 100°. 


0°2733 gave 0°0730 Ag. Ag=26°71. 
C,,H,,0,Ag requires Ag = 27:07 per cent. 


Action of Hydroxylamine on Diphenyleyclopentenonethyloic Acid.— 
58 grams of acid, 5°5 grams of hydroxylamine hydrochloride, and 15 
grams of caustic potash were dissolved in water, and allowed to stand 
in the cold for 3 days. Carbon dioxide was then passed into the 
solution, when a potassium salt of the oxime was precipitated ; this 
was washed with cold water, in which it was practically insoluble. A 
portion of it was dissolved in alcohol, and an alcoholic solution of 
silver nitrate was added. The gelatinous precipitate of silver salt thus 
obtained was washed first with alcohol and then with water, and 
finally dried in a vacuum desiccator for some days. 


04492 gave 01165 Ag. Ag=25°93. 
C,,H,,NO,Ag requires Ag= 26-09 per cent. 


The free oxime was obtained by shaking the potassium salt with 
dilute sulphuric acid and ether, washing the ether with water, drying 
it with calcium chloride, allowing it to evaporate spontaneously, and, 
when it had reached a small bulk, adding light petroleum. The oxime 
separated in minute, white, crystalline warts, melting constantly at 
183—184°, with slight darkening. Analyses agreed with the formula 
C,>H,,0.(NOH). 

0'1558 gave 0°4224 CO, and 0:0791 H,O. C=73:94; H=5-64. 

03165 ,, 12:3 ¢.c. moist nitrogen at 7°and752 mm. N=4°66. 

C,,H,,NO, requires C = 74:26; H=5°54; N=4-56 per cent. 


Oxidation of Diphenylcyclopentenonethyloic Acid with Sodium Hypo- 
bromite—As diphenylcyclopentenonethyloic acid had evidently the 
same relation to a-anhydrobenzillevulic acid as diphenyleyclopentenone 
has to anhydracetonebenzil, and as diphenylcyclopentenone yields, by 
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oxidation with sodium hypobromite, diphenylmaleic acid (see Part I.), 
it was of interest to ascertain how diphenylcyclopentenonethyloic acid 
would behave towards this oxidising agent. 

5°8 grams of the acid were dissolved in caustic soda, and a solution 
of 30 grams of bromine in excess of caustic soda was added. The 
mixture was allowed to stand for 3 days with frequent stirring, after 
which sulphur dioxide was passed in, the liquid acidified with dilute 
sulphuric acid, and the organic substance extracted with ether. The 
ethereal solution was extracted twice with sodium carbonate, and then 
with caustic soda. 

The united sodium carbonate extracts, on acidification, gave a pre- 
cipitate, which was taken up with ether and was left, on evaporating 
the ether, as a resinous mass containing crystals. After removing 
the resin with benzene, the crystals were dissolved in ethylic acetate, 
and benzene was added. A compound separated in needles and 
appeared to be diphenylfumaric acid, but the melting point was 
unsatisfactory. As the substance was suspected to contain diphenyl- 
maleic anhydride, we treated it again with sodium carbonate. An 
undissolved residue was filtered off and the acid reprecipitated from the 
filtrate. It now crystallised from the mixture of ethylic acetate and 
benzene in small, white needles, melting at 271°. The melting point 
of diphenylfumaric acid is given by Reimer at 260°, and by Japp and 
Lander at 276° (see preceding paper). Much depends on the rate 
of heating, as the substance decomposes on melting. 

Analysis gave figures agreeing with the formula of diphenylfumaric 
acid, Found: C = 71:70; H = 4°72. Calculated for C,,H,,0,:C = 
71:64; H = 4°48 per cent. 

The caustic soda solution gave, on acidification with dilute sulphuric 
acid, a yellow precipitate, which was recrystallised twice from benzene, 
and was thus obtained in rosettes of yellow prisms, with a characteristic 
greenish fluorescence, and melting at 156°5°. These are the properties 
of diphenylmaleic anhydride. Found: C = 76°63; H = 3°93. Calcu- 
lated for C,,H,,0O,:C =76°80; H = 4-00 per cent. 

Reduction of a-Anhydrobenzillevulic Acid with Hydriodic Acid and 
Amorphous Phosphorus.—The fact that anhydracetonebenzil, which by 
boiling for a short time with hydriodic acid yields diphenylceyclopen- 
tenone, can, by more protracted reduction with hydriodic acid and 
amorphous phosphorus, be converted into the hydrocarbon diphenyl- 
cyclopentane, led us to try whether an analogous further reduction 
could also be effected in the case of a-anhydrobenzillevulic acid. We 
expected in this way to obtain a diphenylcyclopentanethyloic acid. On 
trying the experiment, however, we found that carbon dioxide was 
eliminated and methyldiphenylcyclopentane was formed. 
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Ten grams of a-anhydrobenzillevulic acid were boiled with 150 grams 
of hydriodic acid (sp. gr. 1‘75) and 20 grams of amorphous phosphorus 
for 6 hours. Water was added, and ether to dissolve the organic sub- 
stance, after which the excess of amorphous phosphorus was filtered off. 
The ethereal solution, after decolorising with sulphurous acid, was 
shaken with alkali, which, however, extracted practically nothing from 
it. On evaporating the ether, a yellow oil remained, which became 
crystalline on standing. By dissolving the crystalline mass in ether 
and adding methylic alcohol, the compound was obtained in rosettes of 
very slender, white needles, which, after repeating this process of crystal- 
lisation two or three times, melted constantly at 62—63°. The sub- 
stance is soluble in light petroleum, very soluble in benzene and ethylic 
acetate, less so in ethylic alcohol and methylic alcohol. 

Analysis agreed with the formula of methyldiphenyleyclopentane. 

0:1271 gave 0°4255 CO, and 0:0980 H,O. C = 91:30; H = 8°57. 

01243 ,, 0°4166C0O, ,, 0°0955 H,O. C = 91:40; H = 854. 

C,,H,) requires C = 91°52; H = 8°48. 

Reduction of B-Anhydrobenzillevulolactone with Hydriodie Acid.— 
This experiment was performed in order to ascertain whether the pro- 
ducts of reduction of the a- and f-acids were the same or different. 

Two grams of the finely-powdered lactone were boiled for 2 minutes 
with excess of the strongest hydriodic acid, and the product of the 
action was treated exactly as in the preparation of diphenylcyclo- 
pentenonethyloic acid from a-anhydrobenzillevulic acid, except that, in 
order to remove any unchanged lactone or other neutral substance, the 
ethereal solution of the reduction product was extracted with sodium 
carbonate and the acid reprecipitated from the carbonate solution. It 
was again taken up by ether and, on evaporation, remained as an oil, 
which, on touching it with a crystal of diphenyleyclopentenonethyloic 
acid, obtained by the reduction of the a-acid, at once began to crystal- 
lise. The crystals were freed from gummy matter by draining on a 
porous tile. After recrystallising five times from benzene, they melted 
at 124—126°. They were indistinguishable from those of diphenyl- 
cyclopentenonethyloic acid, except that the latter melted 1° higher. 

0°1383 gave 0°3953 CO, and 0:0719 H,O. C = 77:95; H = 5°77. 

' C\)H,,0, requires C = 78°08; H = 5°48. 

The a- and the B-acid thus both yield the same diphenyleyclopenten- 
onethyloic acid on reduction. The conclusions to be drawn from this 
fact are discussed in the introduction. 
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X1I.—Reduction of Desyleneacetic Acid, and the Constitu- 
tion of Zinin’s Pyroamaric Acid. 


By Francis Ropert Japp, F.R.S., and Georce Druce Lanper, B.Sc. 


THE ease with which desyleneacetic acid may be prepared by the 
oxidation of anhydracetonebenzil with sodium hypobromite led us to 
study some of the reactions of this compound. In the present com- 
munication, we give an account of its behaviour towards reducing 
agents. 

When dissolved in acetic acid and treated with zinc dust, desylene- 
acetic acid is converted into Victor Meyer and Oelkers’s desylacetic 
acid, . 
C,H,° C:CH:COOH C,H;° CH: CH, COOH 

+ H, = 
O,H,*CO *" ©,H,*CO 

By the limited action of sodium amalgam on an aqueous solution of 
sodium desyleneacetate, the same product is obtained. Excess of sodium 
amalgam, however, carries the reduction further, and By-diphenyl-y- 
C;H;"CH-CH,COOH 
0,H,-CH:-OH 
liberated from its salts, speedily changes into the lactone 

C,H,°CH*CH, 
O,H,*CH CO ° 
Nel 


O 


By boiling desyleneacetic acid for a few minutes with fuming 
nydriodic acid, it yields a mixture of desylacetic acid and diphenylero- 
tolactone, behaving, in this respect, like desylenemalonic acid, except 
that, in the case of the latter compound, the reaction is attended with 
elimination of carbon dioxide (Japp and Davidson, Trans., 1895, 67, 
136). By boiling desyleneacetic acid for some hours with hydriodic 
acid and amorphous phosphorus, the reaction is carried further, and 
both the primary products of the reduction are converted into By- 
diphenylbutyric acid, C,H,*CH,*CH(C,H,)*CH,;COOH. Comparison 
of this substance with a specimen of pyroamaric acid* showed that the 
two were identical. Pyroamaric acid was first obtained by Zinin 
(Jahresbericht, 1877, 813) by fusing amaric acid with caustic potash, and 
was regarded by him as an ethylbenzylbenzoic acid. Klingemann 


hydroxybutyric acid, , is formed, which, when 


* We were indebted for this specimen to Dr. Felix Klingemann, who prepared it 
by the fusion of 8-dehydroamaric acid with caustic potash—a reaction discovered by 
him. 


AND THE CONSTITUTION OF ZININ’S PYROAMARIC ACID. 


(Annalen, 1893, 2775, 81) first suggested that it might be a diphenyl- 
butyric acid, and showed that it was not identical with a-diphenylbutyric 
acid. 

Incidentally, it was observed that when desyleneacetic acid is boiled 
with aqueous caustic potash it is hydrolysed, yielding deoxybenzoin. 
Desylenemalonic acid is stable under these conditions, 


EXPERIMENTAL. 


Reduction of Desyleneacetic Acid with Zinc. Dust and Acetic Acid.— 
Five grams of desyleneacetic acid were dissolved in glacial acetic acid, 
excess of zinc dust was added, and the whole was boiled for about an 
hour, after which the liquid was filtered and poured into water. The 
precipitated substance was recrystallised twice from benzene, from 
which it was deposited in the characteristic octahedra of desylacetic 
acid melting at 160°. It was stable towards permanganate in the cold, 
showing that it was free from desyleneacetic acid. Found: C = 75°57 ; 
H = 5°68. Calculated for C,,H,,0,: C = 75°59 ; H = 5°51 per cent. 

Reduction of Desyleneacetic Acid with Sodium Amalgam.—Five grams 
of desyleneacetic acid were dissolved in sodium carbonate and treated 
with 180 grams of 2°5 per cent. sodium amalgam, passing a current of 
carbon dioxide through the liquid during the entire process. On 
acidifying the solution, a gummy substance was precipitated, from 
which, by crystallisation from benzene, three substances were isolated : 
(1) unchanged desyleneacetic acid ; (2) desylacetic acid, which formed 
colourless octahedra melting at 161°; and (3) a substance crystallising 
in needles melting at 112—113°. The two former were deposited 
together and could be separated mechanically, the brownish colour of 
the crystals of impure desyleneacetic acid allowing of their being 
readily distinguished from the colourless octahedra of desylacetic acid. 
The third substance separated from the benzene mother liquor. 

The experiment was repeated, using 400 grams of 2°5 per cent. 
sodium amalgam to 5 grams of desyleneacetic acid. This time, only 
the compound melting at 112—-113° was obtained. It was purified by 
recrystallisation from a mixture of benzene and light petroleum. On 
analysis, it gave figures agreeing with the formula C,,H,,0,. 

0°1284 gave 0°3799 CO, and 0:0685 H,O. C = 80°69; H = 5:92. 

01214 ,, 03586 CO, ,, 00644 H,O. C = 8054; H = 5°89. 

C,,H,,0, requires C = 80°67 ; H = 5°88 per cent. 
C,H,* CH: CH, 
C,H,;-CH CO 
a 
O 


This compound is, as already mentioned, the lactone 
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derived from fy-diphenyl-y-hydroxybutyric acid. The acid, freshly 
precipitated from solutions of its salts, redissolves in sodium carbonate, 
but the crystallised lactone is apparently quite insoluble in sodium 
carbonate, and dissolves only with difficulty in a warm solution of 
sodium hydroxide. 

Reduction of Desyleneacetic Acid with Fuming Hydriodic Acid.— 
Three grams of desyleneacetic acid were boiled with the strongest fuming 
hydriodic acid (sp. gr. 2°0) for 5 minutes. The product of the action 
was washed with water, dissolved in ether, and freed from iodine by 
treatment with sulphurous acid. From the ethereal solution, sodium 
carbonate extracted an acid which crystallised from benzene in 
octahedra melting at 160°, and was in all respects indistinguishable 
from desylacetic acid. The non-acid substance, which remained after 
expelling the ether, crystallised from benzene in tufts of needles 
melting at 151°5° and was identical with Klingemann’s diphenylcroto- 
lactone (Annalen, 1892, 269, 134; ¢f also Japp and Davidson, Joc. 
cit.). 

Reduction of Desyleneacetic Acid with Hydriodie Acid and Amorphous 
Phosphorus.—Five grams of desyleneacetic acid were boiled with 75 
grams of hydriodic acid (sp. gr. 1°7) and 7 grams of amorphous 
phosphorus for 4 hours. The organic substance was extracted with 
ether, and, after the usual treatment of the ethereal solution with 
sulphurous acid, the organic acid was extracted twice with a solution 
of sodium carbonate. A small quantity of a neutral oil, which was 
not further examined, remained dissolved in the ether. Two organic 
acids were obtained. One of these, which was precipitated in a 
crystalline form from the first sodium carbonate extract, was sparingly 
soluble in ether and melted at 228—230°; the quantity was too small 
for further investigation. The second extract gave an acid which was 
oily when first precipitated, but speedily solidified. It was obtained 
in large crystals by spontaneous evaporation of its ethereal solution, 
and these were further purified by recrystallisation from a mixture of 
ethylic acetate and light petroleum, which deposited the compound in 
oblique plates melting constantly at 96—-97°. Analysis gave figures 
agreeing with the expected formula of By-diphenylbutyric acid, 


C,H,°CH,*CH(C,H,)*CH,*COOH. © 
0:1457 gave 0°4270 CO, and 0°0877 H,O. C=79:93; H=6°68. 
C,,H,,0O, requires C= 80°00 ; H = 6°66 per cent. 


A comparison of this substance with a specimen of Zinin’s 
pyroamaric acid (v. supra) showed that the two substances were 
identical. Both crystallised from a mixture of ethylic acetate and 
light petroleum in the same oblique plates, and a simultaneous deter- 
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mination of the melting points, made in the same bath, gave 96—97° 
in both cases. 

As already pointed out, the hitherto unknown constitution of 
pyroamaric acid is thus ascertained. 

Action of Aqueous Caustic Potash on Desyleneacetic Acid.—In an 
experiment made with a different object, it was noticed that, when 
desyleneacetic acid was boiled with aqueous caustic potash, an oil, 
smelling like a benzenoid ketone, separated. Two grams of the acid were 
therefore boiled with excess of strong caustic potash for 4—-5 hours. 
After extracting the oily substance with ether, the alkaline solution 
was acidified, but gave only a slight turbidity, showing that practically 
no desyleneacetic acid was left. The substance which remained on 
evaporating the ether solidified to a crystalline mass. It was purified 
by recrystallisation, first from benzene, and afterwards twice from 
alcohol, and was thus obtained in colourless leaflets, melting at 59°. 
Analysis gave figures agreeing with the formula C,,H,,O. Found: 
C=85°38 ; H=6°28. Calculated : C=85-71; H=6-12 per cent. 

This is the formula of deoxybenzoin, which melts at 60°, and the 
other physical properties are also those of that compound. A cold, 
supersaturated alcoholic solution of the compound at once began to 
crystallise on adding a crystal of deoxybenzoin. 

We did not attempt to isolate the other product of the hydrolysis. 

As Japp and Davidson (Trans., 1895, 67, 135), in preparing desylene- 
malonic acid, heated it for a long time with caustic soda, it was of 
interest to know whether it was in any way decomposed by this treat- 
ment. We therefore heated desylenemalonic acid for many hours, both 
with caustic potash and with caustic soda, but no separation of neutral 
substance occurred, and the acid was recovered unchanged. 
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XII.—The reduction of Xylic Acid, of Paraxylic Acid 
and of Methylterephthalic Acid, and the prepara- 
tion of Methylterephtialic Acid and of Methyl- 
wophthalic Acid. 


By Wivi1am Henry Bentiey and Witt1AM Henry PERKIN, Jun. 
Kacuuer (Annalen, 1873, 169, 183) first showed that sulphocamphylic 
acid, C,H, ,S0,, is decomposed when fused with potash with formation 
of a monobasic acid, C,H,,0,, melting at 148°. 

C,H, ,80, = C,H,,0, + SO, + H,0, 
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and subsequently Damsky (Ber., 1887, 20, 2965) obtained, by the same 
reaction, a second acid of this formula melting at 99°. This action of 
fused soda or potash on sulphocamphylic acid has been made the 
subject of an extended investigation by one of us (compare Proceedings, 
1893, 109 ; 1895, 23; 1896, 189), in the hope of discovering the con- 
stitution of the two isomeric acids C,H,,0,, and of thus obtaining 
- evidence as to the constitution of sulphocamphylic acid and, indirectly, 
also, of that of camphoric acid itself. 

During the course of the examination of these two acids, which were 
named a-camphylic acid (m. p. 148°) and #-camphylic acid (m. p. about 
104°), some facts came to light which seemed to point to the conclusion 
that these substances might be closely allied to xylic acid, I, or paraxylic 


CH, 


/ cH 
x { 
\Z 


COOH 


acid, II, and this seemed all the more probable when it was remembered 
that sulphocamphylic acid itself could be converted into derivatives of 
these acids by two widely different processes. "When sulphocamphylic 
acid is oxidised with potassium permanganate (Proc., 1893, 109), it 
yields a dibasic acid of the formula C,,H,,0,, which, by the action of 
concentrated sulphuric acid, is converted into a hydroxyxylic acid of 
the probable constitution 


COOH 
iN 


we 
CH, 

Again, Koenigs and Meyer (Ber., 1894, 27, 3465) found that when 
isolauronolice acid, C,H,,0,, which is formed by the action of heat on 
sulphocamphylie acid (C,H,,80,,H,O0=C,H,,0,+H,SO,) is oxidised 
with permanganate it yields isolauronic acid, C,H,,0,, and that the 
latter acid, when warmed on the water bath with sulphuric acid, is 
converted into paraxylic acid, 
CH, 


CH, 


COOH 


As these xylic and paraxylic acids may be obtained in this way from 
sulphocamphylic acid, it seemed possible that the two camphylic acids, 
©,H,,0,. might be dihydro-derivatives of these acids and that the acids, 
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C,H,,0,, which may be obtained from them by reduction with sodium 
amalgam, were the corresponding tetrahydro-acids. In order to deter- 
mine whether this view was correct, we decided to investigate the 
action of reducing agents on the xylic acids, and beg to lay an account 
of the results of our experiments before the Society. 


The xylic and paraxylic acids required for this research were first 
prepared by the method described by Fittig and Laubinger (Annalen, 
1869, 151, 269), which consists in oxidising pseudocumene by means 
of dilute nitric acid. The product of this reaction contains, besides 
the two xylic acids, methylisophthalic acid, CH,*C,H,(COOH), 
(CH, : COOH : COOH = 1:2: 4], methylterephthalie acid, 


CH,°C,H,(COOH),, 


and also nitro-derivatives of these acids and of pseudocumene, and as 
the separation of these various substances by the method given by 
Fittig and Laubinger is exceedingly tedious, many experiments were 
made, in the hope of being able to devise a more simple method for 
preparing these acids. 

In the first place, pseudocumene was brominated at 150° and the 
bromo-derivative C,H,(CH,),*CH,Br converted into the ethylic: ether 
C;H,(CH,),*CH,-OC,H, by treatment with sodium ethoxide, this 
was then oxidised in the way recommended by Kipping (Trans., 1888, 
58, 45) for preparing isophthalic acid, but the results were not 
satisfactory, and as the irritating vapours of the bromopseudocumene 
made the process very objectionable, it was abandoned. 

The next method of preparing paraxylic acid which was investigated 
was that devised by Armstrong and Kipping (Trans., 1893, 68, 75), 
who showed that camphor, when digested with sulphuric acid yields 
acetyl-2-ortho-xylene [Me,: Ac=1:2:4], and that this, on oxidation 
with nitric acid, yields pure paraxylic acid. We, however, soon found 
that this method is not suitable for the preparation of large quantities 
of the acid, owing to the difficulty of obtaining acetyl-2-ortho-xylene in 
a sufficiently pure condition for giving good results on oxidation. 

‘Ultimately, we found it necessary to return to the oxidation of 
pseudocumene with nitric acid, but it very soon became evident that 
some improvement must be made in the method of separating the 
products of oxidation, in order to obtain sufficient material for this 
investigation. 

The chief objection to Fittig and Laubinger’s process is the distilla- 
tion in steam which they recommend as a means of partially separating 
the oxidation products, because the xylic acids volatilise with diffi- 
culty in steam, and therefore, when working with large quantities of 
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material, this operation takes a considerable length of time and involves 
the evaporation of large quantities of liquid ; even then, the products 
obtained are in a very impure condition. 

Several experiments were made with the object of avoiding this 
steam distillation, and ultimately the following method was devised, 
which was found to work well. 

After oxidising the pseudocumene in the way recommended by Fittig 
and Laubinger, the semi-solid product is dissolved in an excess of sodium 
carbonate, and the nitro-compounds and unaltered pseudocumene removed 
by extraction with ether. The alkaline solution is then acidified, and the 
precipitated acids, collected by means of the pump, are dried and con- 
verted into their methylic salts, which are then fractionated under 
reduced pressure. 

In this way, two principal fractions are obtained, namely, one 
boiling at 140—160° (40 mm.), which contains the methylic salts of the 
two xylic acids, and the other boiling at 180-—200° (40 mm.), consist- 
ing principally of the mixed methylic salts of methylisophthalic acid 
and methylterephthalic acids; the former fraction always remained 
liquid, whilst the latter quickly solidified. 

The fraction 140—160° (40 mm.) is hydrolysed, the mixed xylic 
acids thus obtained are converted into their calcium salts, and the latter 
are then separated by repeated recrystallisation from water ; the separa- 
tion of methylisophthalic acid and methylterephthalic acid is described 
later on in this paper. 

In our first experiments on the reduction of the xylic acids, the 
action of sodium amalgam on paraxylic acid was investigated, but even 
when the alkaline solution of the acid was boiled with sodium amalgam 
in the way recommended by Aschan (Annalen, 1892, 271, 234) very 
little action took place, and nearly all the acid was recovered unchanged. 
This method was then abandoned, and the reduction of xylic acid and 
paraxylic acid with sodium and isoamylic alcohol was next tried and 
found to give satisfactory results, the acids being converted in this way 
always into a mixture of the tetrahydro- and hexahydro-derivatives ; 
it was not found possible to reduce the whole of the acid to the hexa- 
hydro-derivative, although many experiments were made with this 
object under very varying conditions, as even after the acids had been 
subjected repeatedly to the action of the reducing agent, a considerable 
quantity of tetrahydro-acid was always present. 

As a rule, after several successive treatments with sodium and 
isoamylic alcohol, the reduced acid, in each case, was found to contain 
50—60 per cent. of the hexahydro- and 40—50 per cent. of the 
tetrahydro-derivative. On fractionation, the mixed acids distil in each 
case at about 160—170° (40 mm.), and the purified product, when left 
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for some time in a freezing mixture, deposits small quantities of solid 
acid which, on examination, proved to be the tetrahydro-acid. 

Tetrahydroparaxylic acid, C,H,,0,, melts at 83°, and unites with 
bromine, forming dibromhexahydroparaxylic acid, C,H,,Br,0,, which 
melts at 124°. 

Tetrahydro-cylic acid,C,H, ,0,, melts at 104°, and also absorbs bromine. 

The oily reduced acid from both reductions, and from which no more 
crystals could be obtained, still contains a large proportion of the 
tetrahydro-compound, and attempts were made to convert the whole of 
it into the hexahydro-acid by repeated reduction with sodium and 
isoamylic alcohol, and by adding on hydrogen bromide and heating the 
bromide with zine dust and acetic acid, but without success. 

As we were unable to reduce the acids completely to the hexa- 
hydro-derivatives, we decided to separate the hexahydro-acid from the 
accompanying tetrahydro-acid, and for this purpose we employed two 
methods, namely, (1) oxidation of the mixture with potassium perman- 
ganate, by which means the tetrahydro-acids are converted into syrupy 
hydroxy-compounds, leaving the hexahydro-acids unchanged ; (2) the 
conversion of the mixed acids into their anilides, by treating the acid 
chlorides with aniline, and subsequently separating the hexahydro- 
anilide from the product by fractional crystallisation. The oxidation 
with permanganate was performed in very dilute and cold solutions, 
the unaltered hexahydro-acids being subsequently separated from the 
non-volatile hydroxy-acids by distillation in steam. 

H COOH 
i af 
a on 
Hexahydro-eylic acid, ° | ‘CHs, distils at 155—157° (40 mm.) 
Hy /"e 
fr, 
CH, H 
as a colourless liquid, which on standing solidifies to colourless crystals 
melting at 76—78°. 


Few aes 

H, K 
Hexahydroparaxylie acid, - | ‘CHs, distils at 251° (748 mm.), 

an yn 

i, 
H COOH 

and does not show any signs of crystallisation, even on long standing. 
The syrupy hydroxy-acids obtained during the above oxidations could 


not be obtained in a crystalline condition, and as, on further oxidation 
VOL. LXXI. M 
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with chromic acid, they did not yield any solid products, their examina- 
tion was not continued further. 

It will be seen that, by the above method of separating the hexahydro- 
acids, the tetrahydro-acids are always destroyed, and as it was especially 
important to carefully study these tetrahydro-acids and their derivatives 
the separation by means of the anilides was tried, but with little success. 
The acids were converted into the anilides in each case, but on subse- 
quent crystallisation only the anilides of the hexahydro-acids could be 
isolated in any quantity in the pure state. This want of success was 
apparently due to the presence of a considerable amount of resinous 
matter, produced, probably, by the action of phosphorus trichloride on 
the unsaturated tetrahydro-acids ; in both cases, however, besides the 
anilides of the hexahydro-acids, small amounts of other anilides were 
isolated, but in quantities too small for further identification. The 
anilide of hexahydroparaxylic acid melts at 115°, whilst that of hexahy- 
dro-xylic acid melts at 188°; these anilides are best hydrolysed by 
heating them with a solution of hydrogen chloride in acetic acid, the 
yield of acid obtained in this way being quantitative. Prepared by 
this process, hexahydroparaxylie acid still remained liquid, even when 
cooled to —10°; hexahydro-xylic acid, however, quickly solidified, 
forming colourless plates which melted at 76—78° : both acids possess a 
peculiar, pungent smell, somewhat resembling that of the higher fatty 
acids. 

Owing to the difficulty of obtaining the pure tetrahydro-acids in 
any quantity, experiments were next instituted with the object of 
preparing these acids from the hexahydro-acids, and in order to do this 
the hexahydro-acids were brominated, and the monobromo-derivatives, 
after conversion into the ethereal salts, hydrolysed, in the first place, 
with alcoholic potash. It was thought that this method might give 
very interesting results, as very probably the tetrahydro-acids obtained 
would be isomeric, and not identical with the tetrahydro-acids prepared 
by the direct reduction of the xylic acids. However, although the 
experiments were very much varied, instead of the pure tetrahydro- 
acids, the products in each case were semi-solid, uninviting-looking 
masses, which evidently contained several substances, and as the 
quantities at our disposal were small, it was impossible to effect a 
separation of the various constituents. 

Apparently, the tetrahydro-acids first formed by this reaction are in 
part oxidised during the treatment with potash, because, in our experi- 
ments with hexahydroparaxylic acid, an acid was obtained in this way 
which had the approximate constitution of a dihydroparaxylic acid. 

In the case of hexahydro-xylic acid, the bromination did not take 
place very satisfactorily, as the product, after treatment with alcohol, 
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appeared to contain, besides ethylic bromohexahydro-xylate, traces of the 
ethylic salt of a bromo-xylicacid. The formation of the latter is probably 
due to the bromine converting part of the hexahydro-acid into xylic 
acid, which then, by the further action of the bromine, was converted 
into bromoxylic acid. When the ethereal salts of the bromohexahydro- 
xylic acids are digested with diethylaniline, they are converted fairly 
quantitatively into the ethylic salts of the corresponding tetrahydro- 
acids, which are colourless, sweet-smelling oils, distilling without 
decomposition at about 155° (60 mm.), but these ethereal salts on 
hydrolysis do not yield the pure tetrahydro-acids; unfortunately, 
owing to the nature of the product and to the small quantity of material 
at our disposal, we were unable to investigate this matter further. 

Although we have had so much difficulty in obtaining the tetrahy- 
dro-derivatives of xylic acid and paraxylic acid in any quantity, we were, 
nevertheless, able to prepare sufficient of each acid to prove conclusively 
that these tetrahydro-acids are not identical with the acids which have 
been obtained by the reduction of the a- and B-camphylic acids. 

This does not, of course, prove that the a- and B-camphylic acids are not 
derivatives of the xylic acids, because there are many theoretically possible 
isomeric tetrahydro-xylic acids which are not described in this paper. As, 
however, the further study of the camphylic acids has made it appear 
unlikely that these acids are closely connected with the xylic acids, we 
have decided, in the meantime, to discontinue these experiments, and to 
publish the results which have so far been obtained. 


Separation of Methylisophthalic Acid from Methylterephthalic Aci 
Preparation of Tetrahydromethylterephthalic Acid. 


During the separation of the acids formed by the oxidation of 
pseudocumene by means of their methylic salts, as explained on page 
160, a considerable quantity of a fraction boiling at 180—200° 
(40 mm.) was obtained, and on investigating this product we were 
ultimately able to show that it consisted of the methylic salts of 
methylisophthalic acid, I, and methylterephthalic acid, IT, 

CH, COOH 


/ \cooH i ( ‘cu, 
wZ 


COOH COOH 
but no methylphthalic acid could be isolated from the mixture. The above 
fraction, on cooling, solidified to a crystalline mass, melting roughly at 
40—50°, and by subjecting it to a series of fractional crystallisations, 
we ultimately succeeded in separating it into two portions, A, melting 
at 73—74°, and B, at about 58—60°. Each of these, on analysis, gave 
M 2 
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numbers agreeing with the formula CH,*C,H,(COOCH,),, and as 
further recrystallisation did not appear to affect the melting points, 
we concluded that they were the pure methylic salts of two distinct 
dibasic acids of the formula CH,*C,H,(COOH).,. 

On hydrolysis with potash, the methylic salt A (m. p. 73—74°) yielded 
an acid melting at 325—330°,* which did not form an anhydride and 
which, in its properties, agreed so closely with methylisophthalic acid,t 
that we concluded at first that it was identical with this acid, and that 
the methylic salt A was methylic methylisophthalate. 

The methylic salt B (m. p. 58—60°), on hydrolysis, yielded an 
acid, CH,*C,H,(COOH),, which melted at 293—295° and gave no 
anhydride, and consequently we supposed it to be methylterephthalic 
acid, especially as Fittig and Laubinger (Annalen, 1869, 151, 276) had 
described methylterephthalic acid as melting at 280—283°, and, after 
sublimation, at 291°. 

On treating the supposed methylisophthalic and methylterephthalic 
acids with sodium amalgam, it was observed that the acid (m. p. 325— 
330°) corresponding with the methylic salt A (m. p. 73—74°) was 
readily and completely reduced to a tetrahydro-acid, whereas the acid 
(m. p. 293—295°) obtained from the methylic salt B (m. p. 58—60°) 
was only partially reduced, yielding a tetrahydro-acid which was 
evidently identical with that obtained from the acid of higher melting 
point. 

The acid which had not been reduced during this treatment was 
carefully purified, and found to have the formula CH,*C,H,(COOH), ; 
it melted now at 320—330°, and yielded a methylic salt which fused 
sharply at 80°, and which may be called C. This acid is not in the 
least degree affected by boiling with sodium amalgam, and, as it does 
not give an anhydride, it must obviously be either methylisophthalic 
acid or methylterephthalic acid, and the acid which Fittig and 
Laubinger described as methylterephthalic acid must be a mixture 
of this acid with methylisophthalic acid, one of which is reduced by 
sodium amalgam, leaving the other entirely unattacked. 

In order to determine which of these two acids is reducible by sodium 
amalgam, we made a number of experiments, with the object of 

* With regard to the melting point of methylisophthalic acid, compare Claus, 
J. pr. Chem., 1890, [2], 42, 510. 

+ Methylisophthalic acid has been prepared by Jacobsen (Ber., 1881, 14, 2112) by 
the oxidation 1: 4-dimethylbenzoic acid with permanganate ; by Claus (Ber., 1886, 
19, 233 ; J. pr. Chem., 1890, [2], 42, 509) by the oxidation of methyl cymy] ketone, 
CH,*CO°C,H;(CH;)*C,H,, and of the acid 

CH,*0,H,(C,H,)*CO*COOH [CH,:CO:C,H,=1:2:5], 
and by Hjelt and Gadd (Ber., 1886, 19, 868) by the oxidation of pseudocumeny] 
alcohol, CH,°C,H,(CH,"OH).. 
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deciding which of the two acids formed a methylic salt melting at 
73—74°, and which a methylic salt melting at 80°. 

By oxidising xylic acid and paraxylic acid with potassium perman- 
ganate, we obtained, in both cases, an acid melting at 325—330° which 
did not give an anhydride, and which must, therefore, be methyltereph- 
thalic acid. 


OH, COOH 
._ (CH, 
| give 


' id. 
COOH COOH 
As the methylic salt of this acid melts at 73—74°, it follows that 
the methylic salt A is methylic terephthalate. 
When iso-xylic acid is oxidised with permanganate, it yields a dibasic 
acid which does not form an anhydride, and which must, therefore, be 
methylisophthalic acid. 


OH, 
‘2 coon. 


gives 
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This acid melts at 320—330°, and yields a methylic salt melting at 
80°. The methylic salt C is, therefore, methylic isophthalate. 

On treatment with sodium amalgam at 100°, methylisophthalic acid 
remains unchanged, whereas, on the other hand, methylterephthalic 
acid, under the same conditions, is apparently completely reduced to a 
tetrahydro-derivative. 

Tetrahydromethylterephthalic acid, CH,*C;H(COOH),, is moderately 
easily soluble in water, and melts at 240—245°; it yields a dimethylic 
salt, CH,-C,H,(COOCH,),, which is a colourless oil boiling at 165—170° 
(20 mm.). 

Although the solution of the acid in sodium carbonate very quickly 
decolourises permanganate, yet the free acid does not appear to absorb 
bromine or hydrogen bromide at all readily. When heated with a 
saturated solution of hydrogen bromide in glacial acetic acid at 100° in 
a sealed tube, it yields a black, oily mass containing bromine, but 
which could not be purified. Experiments on the reduction of this 
crude hydrobromide with zinc dust and acetic acid were instituted, 
but we have so far not been able to isolate the hexahydromethyltere- 
phthalic acid, which should be formed in this way. 


EXPERIMENTAL. 


Oxidation of Pseudocumene.—For this purpose, as stated in the 
introduction, we employed a modification of the process devised by 
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Fittig and Laubinger (Ann., 1869, 151, 269), their method of separat- 
ing the products by distilling in a current of steam being very trouble- 
some and inconvenient when working with large quantities. 

As the result of numerous experiments, we ultimately adopted the 
following method in preparing the acids required for this research. 
. Pseudocumene (250 grams), mixed with dilute nitric acid (700 grams of 
acid, sp. gr. 1°4, diluted with 24 volumes of water), is heated to boiling 
for 18 hours in a large flask connected with a reflux condenser. The 
cold liquid is then largely diluted, the semi-solid precipitate collected 
with the aid of the pump, washed well with water, and dissolved 
in a solution of sodium carbonate. The nitro-compounds and un- 
altered pseudocumene which remain undissolved are removed by 
agitation with ether, and the aqueous solution is heated to boiling and 
acidified with hydrochloric acid. The precipitate thus obtained is col- 
lected, washed with water, and after being pressed on porous plates to 
remove oily matter, is dried at 100°. The mixed acids are then con- 
verted into their methylic salts by saturating their solution in methylic 
alcohol with dry hydrogen chloride ; the mixed methylic salts, after being 
precipitated with water and extracted with ether, &c., inthe usual way, 
are fractionated several times under a pressure of 40 mm. Of the two 
fractions obtained, the larger distilling at 140—155°, consists princi- 
pally of the methylic salts of xylic and paraxylic acids; whilst the 
smaller fraction, which distils at 180—200°, and quickly solidifies 
on cooling, contains the methylic salts of methylterephthalic and 
methylisophthalic acids. A third, but very small, fraction, boiling at 
250—270°, was. also obtained; this was a very viscid liquid, which 
possibly contained the methylic salts of trimellitic acid, but it was not 
further investigated. 

Separation of the Xylic and Paraaxylic Acids—In order to isolate 
these acids, the fraction (135 grams) containing their methylic salts is 
hydrolysed by boiling with a solution of alcoholic potash (80 grams) 
in a reflux apparatus for 3 hours, the alcohol distilled off, the residue 
dissolved in water, and the solution evaporated to a moderately small 
bulk. While still hot, this is acidified with hydrochloric acid, and 
the precipitate, which is somewhat oily at first, but on cooling 
becomes quite hard, is first roughly freed from oily matter and 
other impurities by crystallisation from acetic acid; if his is not 
done, the subsequent separation of the isomerides by means of their 
calcium salts becomes a very difficult matter. The mixture of acids 
which separates from the hot, concentrated solution in glacial acetic acid 
in the form of a crystalline precipitate melting roughly at 105°, is 
collected, washed first with acetic acid and then with water, and dis- 
solved in a slight excess of hot sodium carbonate solution ; on mixing 
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this with a strong, hot solution of rather more than the calculated 
quantity of calcium chloride, and cooling, a mixture of the calcium 
salts of the two xylic acids separates almost completely ; the salts, 
after being collected and washed with a little water, are crystallised 
from a considerable quantity of boiling water. If the acids are puri- 
fied as described above, the first crystallisation yields the almost pure 
calcium salt of paraxylic acid, this being the least soluble. It is, 
however, a matter of considerable difficulty to separate the calcium 
salts contained in the mother liquor, but this may be effected in the 
following ‘manner. When the solutions of the calcium salts have 
yielded as much pure calcium paraxylate as possible, the mother liquors 
are acidified, and the precipitated acids collected and crystallised from 
acetic acid. A considerable quantity of nearly pure xylic acid separates 
first in beautiful, long needles. After this has been collected, and the 
acetic acid removed from the mother liquors by distillation, the acids 
are again converted into the calcium salts and crystallised from water. 
By a repetition of this process, it is possible to separate the 
whole of the material into calcium paraxylate and xylic acid. The 
paraxylic acid obtained from the pure calcium salts by precipitation 
with hydrochloric acid was recrystallised from acetic acid. Xylic acid, 
C,H,(CH,),* COOH [CH,: CH, : COOH = 1 : 3:4], crystallises from acetic 
acid in beautiful, long, prismatic needles melting at 126°. 

Paraxylic acid, [CH,:CH,: COOH=1:2:4], crystallises in short 
needles melting at 163°. 


Tetrahydroparaxylic acid, CyH,,0,. 

As stated in the introduction, this acid is one of the products of the 
reduction of paraxylic acid by means of sodium and isoamylic alcohol. 
Pure paraxylic acid (30 grams) is dissolved in isoamylic alcohol (14 
litres) contained in a large, round-bottomed flask attached to a long 
reflux condenser. The liquid is heated to the boiling point, and then 
sodium (10 grams) is dropped in ; a violent action takes place, and as 
soon as this has subsided more sodium (20 grams) is added. "When the 
sodium has all dissolved (the mixture being heated if necessary), the 
contents of the flask are allowed to cool, diluted with water and 
acidified with hydrochloric acid; the liquid then separates into two 
layers, the upper of which is isoamylic alcohol containing the organic 
acid in solution. The lower layer, consisting of sodium chloride solu- 
tion and some hydrochloric acid, is shaken with pure isoamylic alcohol, 
in order to extract any traces of the organic acid which it may contain, 
and the whole of the isoamylic alcohol solution is dehydrated by dis- 
tillation until the temperature of the vapour rises to 120°. It is then 
treated with sodium (30 grams) exactly as before, and the process of 
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extraction again repeated. After thrice treating with sodium, the 
product is diluted with a large quantity of water, the upper layer of 
isoamylic alcohol is distilled almost to dryness, and the residue dissolved 
in water and mixed with the aqueous layer. If this is not done, there 
is a very considerable loss of product, as‘the isoamylic alcohol retains a 
quantity of the sodium salts of the reduced acids, even after it has been 
repeatedly washed with water. The aqueous solution, after being boiled 
until freefrom isoamylic alcohol, is acidified and extracted with pureether, 
the ethereal solution is dried over calcium chloride, the ether distilled off, 
and the oily residue fractionated under diminished pressure. Nearly 
the whole distils at about 160—170° under a pressure of 40mm. When, 
however, about three-quarters of the acid has distilled, the receiver 
is changed and the last portion collected separately ; the latter, when 
exposed to the cold for about a week, deposits crystals of tetrahydro- 
paraxylic acid, whereas the first fraction if similarly treated yields very 
few crystals. The crystals were collected with the aid of the pump, 
pressed on a porous plate, and recrystallised several times from light 
petroleum (b. p. 60—80°). 

I. 0°1020 gave 0-2618 CO, and 00830 H,O. C=70°00; H=9-04. 

II. 0°1096 ,, 0°2820CO, ,, 0°0900 H,O. C=70°717; H=9°12. 

C,H,(CH,),.COOH requires C= 70°13 ; H=9-09 per cent. 

Tetrahydroparaxylic acid crystallises in prisms melting at 83°. It is 
easily soluble in benzene, alcohol, ether, and acetic acid ; sparingly so 
in cold, easily in hot, light petroleum. Its solution in sodium carbonate 
immediately reduces potassium permanganate in the cold, and bromine 
is quickly absorbed by a solution of the acid in chloroform. 

The yield of reduced acid, after distillation, was usually about 75 per 
cent. of the theoretical quantity, but of this only about 10 per cent. 
separated in the form of crystals of tetrahydroparaxylic acid. 


Dibromhexahydroparaxylic Acid, C,H,,Br,0,. 

This was prepared by dissolving pure tetrahydroparaxylic acid in dry 
chloroform and adding a chloroform solution of bromine until the colour 
of the bromine remained permanent. The oil which was deposited, 
on allowing the chloroform to evaporate spontaneously, slowly solidified. 
This crude product purified by recrystallisation from dilute acetic acid 
saturated with hydrogen bromide, separated in colourless plates melting 
at 124° 

0:0532 gave 0:0640 AgBr. Br=51'17. 

C,H, ,Br,O, requires Br = 50°95 per cert. 

Dibromhexahydroparaxylic acid melts at 124°. It dissolves readily 
in most organic solvents on boiling, being apparently decomposed at 
the same time, as we could not succeed in recovering it from them in 
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a crystalline form. It separates, however, readily from dilute acetic 
acid if decomposition is prevented by previously saturating the solution 
with hydrogen bromide. 


Hexahydroparaxylic acid, C,H,(CH,),* COOH, 


CH, 
/CH, 
a \ 
H,C CH: CH, 
H,C 
COOH 

This acid is formed when paraxylic acid is reduced by sodium and iso- 
amylic alcohol as explained on page 167, and is present in considerable 
quantities in the mother liquor of the reduced acid after the bulk of 
the crystalline tetrahydroparaxylic acid has been removed by cooling 
in a freezing mixture. 

In order to isolate it, two methods were employed. 

1. The crude product was treated with permanganate so as to oxidise 
the tetrahydroparaxylic acid, the hexahydroparaxylic acid remaining 
unchanged. 

2. The mixed acids were converted into the anilides, and these sepa- 
rated by fractional crystallisation. 

Method I.—The oxidation was carried out in the following manner. 
The oily mixture of tetrahydro- and hexahydro-paraxylic acids was dis- 
solved in a small quantity of sodium carbonate solution, diluted with a 
large quantity of water, and oxidised by running in slowly a weak 
solution of potassium permanganate. During the whole operation, a 
rapid current of carbon dioxide was passed through the liquid, which 
was vigorously stirred by means of a turbine, and kept cold by adding 
ice from time to time. When the colour of the permanganate re- 
mained permanent, the liquid was mixed with a little alcohol, boiled, 
and the manganese dioxide filtered off, well washed with hot water, and 
the filtrate evaporated to a small bulk. This was then acidified and 
subjected to distillation in a rapid current of steam until the condensed 
water was quite clear and had only a very slight acid reaction. The dis- 
tillate was extracted three times with ether, and the oily residue left 
on evaporating the dried ethereal solution was fractionated at the ordi- 
nary pressure. Nearly the whole distilled at 251° (748 mm.) as a 
colourless oil which gave the following results on analysis. 


0°1480 gave 0°3760 CO, and 0°1336 H,O. C=69-28 ; H=10-03. 
C,H,(CH,),* COOH requires C = 69°23 ; H = 10°25 per cent. 


4 
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Hexahydroparaxylic acid is an oil of peculiar odour, somewhat similar 
to that of the higher fatty acids ; it remains liquid even when cooled 
to a temperature of — 10°. 

Method II.—The separation of hexahydroparaxylic acid by means of 
its anilide was conducted as follows. The crude mixture of acids (30 
grams) was first converted into the acid chlorides by heating with phos- 
phorus trichloride (15 grams) in a reflux apparatus for 10 minutes ; the 
liquid was then decanted from the layer of phosphorus acid, and distilled 
under reduced pressure. The fraction boiling at 135—145° (60 mm.) 
was dissolved in pure, dry ether, and slowly mixed with an ethe- 
real solution of aniline (60 grams) ; after standing some time, water 
was added, the ethereal solution separated, washed with dilute hydro- 
chloric acid until free from aniline, dried, and the ether distilled off. 
The oily residue, on standing, quickly solidified, and the product, after 
two crystallisations from light petroleum (b. p. 100—120°), was ob- 
tained in colourless prisms melting at 115°. This substance is the 
anilide of hexahydroparaxylic acid, as was proved by comparing it with 
a sample of the anilide prepared from the pure acid. In order to obtain 
the hexahydro-acid from its anilide, the latter is heated for 12 hours 
at 150° in a sealed tube with acetic acid saturated with hydrogen 
chloride, and containing a little aqueous hydrochloric acid. The pro- 
duct was then diluted with water and extracted several times with ether. 
In order to remove the aniline, the ethereal solution was shaken with 
excess of sodium carbonate solution, and the alkaline liquid acidified 
and again extracted with ether. This ethereal solution was washed, 
dried, and evaporated, the oily residue being purified by fractional 
distillation. Even when prepared from the pure anilide in this way, 
hexahydroparaxylic acid is an oil which does not solidify, even at low 
temperatures. The yield of hexahydroparaxylic acid obtained from 
the crude mixture of acids by this method is from 30 to 40 per cent. 

The petroleum mother liquors of the anilide of hexahydroparaxylic 
acid, after the removal of the light petroleum by distillation, deposited 
an oil from which a small quantity of solid separated on standing. 
This, after being crystallised from petroleum, melted at 140—145° ; the 
quantity, however, was too small for further examination. 

The attempts made with the object of obtaining tetrahydroparaxylic 
acid from the oily anilide which remained after the above crystalline 
products had been extracted as completely as possible, were unsatis- 
factory. 
Hexahydroparaxylyl chloride, C,H,(CH,),* COCI. 

This was prepared by gently heating pure hexahydroparaxylic acid (4 
grams) with phosphorus trichloride (2 grams) for 10 minutes ; the liquid 
was decanted from the phosphorous acid and distilled under reduced 
pressure. It is a disagreeably-smelling liquid boiling at 110° (25 mm.). 
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0:2406 gave 0:1996 Ag Cl. Cl=20°52. 
C,H,,“COCI requires Cl = 20°34 per cent. 


Ethylic hexahydroparaxylate, C,H,(CH,),* COOC,H,. 

This was prepared by pouring the acid chloride into three times its 
volume of alcohol, and after allowing it to stand a short time, diluting 
with water, extracting with ether, &c. The brownish oil thus obtained 
was purified by fractional distillation. Ethylic hexahydroparaxylate 
is an oil of pleasant odour, and lighter than water ; it boils at 224° 
(758 mm.). 

0°1272 gave 0°3334 CO, and 071210 H,O. C=71:48; H=10°65. 

C,H,,*COOC,H, requires C= 71°74 ; H=10°87 per cent. 


Anilide of hexahydroparaxylic acid, C,H,,* CO-NH-C,H,. 

This anilide was prepared by mixing ethereal solutions of equal’ 
quantities of the acid chloride and aniline. After standing for some 
time, water was added, and the ethereal solution washed first several 
times with small quantities of dilute hydrochloric acid until free from 
aniline, and then once with water. It was then dried and the ether 
distilled off ; the oily residue gradually solidified, and after being 
purified by crystallisation from light petroleum (b. p. 80—-100°) the 
anilide was obtained in prisms melting at 115°. Analysis; found 

N=6°39 ; C,H,,*CO-NH- C,H, requires N = 6-06. 

The anilide of hexahydroparaxylic acid is moderately soluble in ben- 
zene and alcohol, but only slightly in cold light petroleum (b. p. 80— 
100°), although it dissolves readily in the boiling solvent. 


Ethylic bromhexahydroparaxylate, C,H,Br(CH,),* COOEt 


This was prepared, for reasons explained in the introduction, by 
brominating hexahydroparaxylic acid and subsequently pouring the 
product into absolute alcohol. 

Hexahydroparaxylic acid (5 grams) was carefully mixed’ with 
phosphorus pentabromide (5 grams) and bromine (6 grams), and gently 
heated on the water bath until the bromine had disappeared. The 
product, poured into twice its volume of alcohol, was allowed to stand 
for some time, and then diluted with water, the heavy oil which 
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separated being extracted with ether, &c., in the usual manner. The 
residue thus obtained, when fractionated under reduced pressure, yielded 
ethylic bromhexahydroparaxylate as a heavy oil boiling without decompo- 
sition at 170—180° (55 mm.) ; the yield was about 70—80 per cent. 


0°1928 gave 0°1376 AgBr. Br=30°37. 
C,H, ,Br*COOC,H, requires Br = 30°42 per cent. 


When hydrolysed with potash, this ethereal salt yields a mixture of 
acids, a behaviour which is probably due in part to the oxidation of the 
tetrahydroparaxylic acid formed in the first instance. The only sub- 
stance we were able to isolate from this mixture was a small quantity 
of a crystalline acid which melted roughly at 135—140°, and on 
analysis gave numbers corresponding with those required by dihydro- 
paraxylic acid, C,H,,0.,. 


Ethylic tetrahydroparaxylate, C,H,(CH,),* COOC,H;. 


This is formed when ethylic bromhexahydroparaxylate is digested 
with diethylaniline. Pure ethylic bromhexahydroparaxylate mixed 
with twice its weight of diethylaniline was heated to gentle ebullition 
for 4 hours, and then poured into dilute hydrochloric acid. The dark- 
coloured oil which separated was extracted with ether, washed, and 
treated in the usual way. The product on being fractionated under re- 
duced pressure, yielded a colourless, sweet-smelling oil which distilled at 
155° (60° mm.), and on analysis gave numbers showing that it was of 
ethylic tetrahydroparaxylate. 


00814 gave 0:2162 CO, and 0:0720 H,O. C=72°43; H=9°82. 
C,H,,"COOC,H, requires C= 72°52 ; H=9-89 per cent. 


In order, if possible, to prepare the corresponding tetrahydroparaxylic 
acid, the ethylic salt was hydrolysed. 

Ethylic tetrahydroparaxylate (3 grams) was heated on the water bath 
with potash (3 grams) dissolved in methylic alcohol for 2 hours, the 
alcohol distilled off, the residue evaporated with water until free from 
alcohol, and then acidified and extracted with ether. The dried ethereal 
solution, on distillation, left an oil which partially solidified. The 
crystals, after being pressed upon a porous plate and crystallised from 
light petroleum (b. p. 100—120°), formed prisms melting at 135—140°, 
and on analysis gave numbers agreeing with the formula C,H,,0,. 


0:1180 gram gave 0°3068 CO, and 0:0842 H,O. C=71:14; H=7:93. 
C,H,,0, requires C=71:05 ; H=7°88. 
C,H, ,0, requires C= 70°13; H=9-09 per cent. 
This substance is, therefore, probably a dihydroparaxylic acid 
identical with the substance described above. 
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Reduction of Xylic Acid. 

The reduction of xylic acid with sodium and isoamylic alcohol, and 
the methods used in the separation of the acids thus formed, were con- 
ducted in almost exactly the same manner as in the case of paraxylic 
acid ; a brief description of the process, therefore, is all that is needful. 

Pure xylic acid (30 grams), dissolved in isoamylic alcohol (1} litres), 
was heated to boiling and treated three times in succession with sodium 
(30 grams), the same precautions and methods of extraction being 
adopted as in the reduction of paraxylic acid. The oily acid thus 
obtained when fractionated under reduced pressure passed over entirely 
at about 160—170° (40 mm.). When three-quarters of the acid had 
distilled, the last portion was collected separately ; this soon deposited 
crystals when exposed to the cold, whilst the first fraction usually 
remained liquid. 

Tetrahydro-xylic Acid, C,H,(CH,),* COOH. 

This was obtained from the higher fraction of the reduced xylic acid, 
the crystals which were deposited being pressed, and recrystallised 
several times from light petroleum (b. p. 80—100°). It forms plates 
which melt at 103°. 

0:1000 gave 0:2570 CO, and 0:0830 H,O. C = 70°09; H = 9-22. 

C,H,(CH,),*COOH requires C = 70°13 ; H = 9-09 per cent. 

Tetrahydro-xylic acid is readily soluble in benzene, alcohol, and 
acetic acid ; sparingly so in cold petroleum, but very soluble in the hot 
solvent. When dissolved in sodium carbonate solution, it instantly 
decolorises potassium permanganate ; its solution in chloroform also 
decolorises bromine very readily, but, unfortunately, we were not able 
to isolate the product owing to the small amount of material at our 


disposal. 
Hexahydro-xylic Acid, C,H,(CH,),* COOH. 


This acid, like the corresponding hexahydroparaxylic acid, was 
isolated from the mixture of reduced acids by two processes, viz., (1) 
oxidation with potassium permanganate, and (2) hydrolysis of the 
anilide. The second method gives the purer product. In both cases, a 
liquid is obtained which, when prepared from the anilide, solidifies 
quickly, whereas the product obtained by oxidation solidifies but slowly 
and very incompletely. 
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0°1694 gave 0:4288 CO, and 01568 H,O. CO = 69:03; H = 10°28. 
C,H,(CH,),COOH requires C = 69:23; H = 10°25 per cent. 
Hexahydro-xylic acid crystallises from light petroleum (100—120°) 
in thick plates melting at 76—78°. It boils at 250—255°, and is 
readily soluble in benzene, alcohol, and acetic acid ; sparingly in cold, 
easily in hot, light petroleum. Its solution in cold dilute sodium 
carbonate decolorises permanganate only very slowly. 


Anilide of Hexahydro-xylie Acid, C,H,(CH,),*CO*-NH-C,H,. 

This anilide was obtained from reduced xylic acid, and employed for 
the preparation of the foregoing hexahydro-xylic acid. 

Reduced xylic acid (28 grams) was heated for about 15 minutes with 
phosphorus trichloride (14 grams), and the liquid decanted from the 
phosphorous acid and distilled under reduced pressure ; the acid chloride 
(30 grams), which came over at about 130—140° (40 mm.), was then 
dissolved in pure, dry ether, and carefully added to an ethereal solution 
of aniline (56 grams); after a short time water was added and the 
ethereal solution washed, dried, &c., as before. The oil obtained in 
this way soon solidified, and after being four times recrystallised from 
a mixture of alcohol and petroleum (b.p. 100—120°), was obtained in 
needles melting at 180°. 

On analysis, nitrogen was found = 6-26 per cent.; C,H,» CO-NH° C,H, 
requires N = 6:06 per cent. 

The anilide of hexahydro-xylic acid is sparingly soluble in cold ben- 
zene and alcohol, but dissolves readily in these solvents on boiling ; it 
is almost insoluble in cold petroleum (b.p. 100—120°) and only 
sparingly soluble in the hot solvent. These properties, together with 
its unusually high melting point, distinguish this anilide from the cor- 
responding anilide of hexahydroparaxylic acid. 

It is hydrolysed on heating with an acetic acid solution of hydrogen 
chloride in a sealed tube for 12 hours at 150°, an almost quantitative 
yield of hexahydro-xylic acid being produced. 


Lthylic bromhexahydro-xylate, C,H,,Br*eCOOC,H,. 
COOC,H, 
CBr 


CH: CH, 
CH, 
Nou” 
CH, 
This was prepared in the same manner as the isomeric ethylic brom- 
hexahydroparaxylate. The specimen prepared boiled at 160—170° 
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(40 mm.), but was apparently not quite pure and probably contained 
traces of the ethylic salt of bromo-xylic acid, C;H,Br‘COOC,H,;. We 
were led to these conclusions from the fact that a bromine determina- 
tion gave too high a result, and, secondly, that the oil on hydrolysis 
with potash yielded a small quantity of a solid acid which melted at 
170° and contained bromine, apparently a monobromo-xylic acid. 

The ethylic bromhexahydro-xylate, prepared as explained above, gave 
the following results on analysis. 

03010 gave 0°2222 AgBr. Br=31°41. 

C,H,,Br-COOC,H, requires Br = 30°42 per cent. 


Ethylic tetrahydro-xylate, C;H,,.* COOC,H,. 
This was obtained by the action of diethylaniline on the brom- 


ethereal salt just described. It is a pleasant-smelling liquid boiling 
at 228° (752 mm.). 


0°1293 gave 0°3418 CO, and 0°1122 H,O. C=72°02 H=9°64. 
C,H,,* COOC,H,, requires C = 72°52 ; H= 9°89 per cent. 
A small quantity of this ethylic salt was hydrolysed with potash and 
yielded an acid melting at 98—110°, but the quantity was insufficient 
for further examination. 


Preparation of Methylisophthalic Acid and of Methylterephthalic Acid. 
As was explained in the introduction, the oxidation of pseudocumene 
with dilute nitric acid gives rise to two dibasic acids, namely, methyl- 
isophthalic acid, CH,*C,H,(COOH), [CH,:COOH:COOH = 1:2: 4], 
and methylterephthalic acid, and when the acids contained in the 
crude product of the oxidation are converted into their methylic salts 
and these are fractionated (see p. 160), the fraction 180—200° (40 mm.), 
consists almost entirely of the methylic salts of these two acids. This 
fraction solidifies on cooling, and the solid mass, when subjected to a 
series of crystallisations from methylic alcohol, separates into two 
portions, A, the least soluble, melting at 73—74°, and B, which melts 
at about 58—60°. The melting point of the fraction B does not rise 
on further crystallisation, and it was, therefore, at first supposed that 
this substance was pure, especially as, on analysis, it gave numbers agree- 
ing closely with those required by the formula CH,-C,H,(COOCH,),. 


0°1280 gave 0-2986 CO, and 0:0686 H,O. C=63°62; H=5-95. 
CH,°C,H,(COOCH,), requires C= 63°46 ; H =5-76 per cent. 
Further experiments showed, however, that it is a mixture of 
methylic methylisophthalate and methylic methylterephthalate, and 
the only way which we could find to separate the methylisophthalic 


from the methylterephthalic acid was by treatment with sodium 
amalgam. 
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Methylisophthalic Acid, [CH,: (COOH), =1 : 2: 4]. 

In order to prepare this acid, the methylic salts B, melting at 
58—60° (70 grams) were dissolved in alcohol, mixed with an alcoholic 
solution of potash (65 grams), and heated on the water bath for 2 
hours. The alcohol was then distilled off, the residue diluted with 
water, evaporated until entirely free from alcohol, and the aqueous 
solution, after filtration, was acidified ; the copious, flocculent precipitate 
which separated was collected with the aid of the pump, washed well 
with water, and dried, first on porous plates, and then at 100°. It melted 
at 285—290°, but on repeated recrystallisation from glacial acetic acid 
the melting point rose to 293—295°, but no higher. This substance is 
a mixture of methylisophthalic and methylterephthalic acids, and in 
order to obtain the former acid from it in a pure state, the mixture, in 
quantities of 10 grams at a time, was dissolved in sodium carbonate 
solution in a strong porcelain beaker and 3 per cent. sodium amalgam 
(1 kilo.) added in quantities of 100 grams at a time. The temperature 
of the reaction was kept at about 100° by immersing the beaker in a 
boiling water bath, a rapid current of carbon dioxide was also passed 
into the mixture during the whole operation, and the separation of 
sodium salts was prevented by the addition from time to time of small 
quantities of boiling water. : 

When the sodium amalgam had all been used up, the aqueous solu- 
tion was decanted from the mercury, filtered, and acidified ; the bulky 
precipitate then thrown down consisted of nearly pure methylisophthalic 
acid, as the tetrahydromethylterephthalic acid which is formed during 
the reduction is soluble in water, and remains dissolved in the mother 
liquor. The precipitate was collected with aid of the pump, washed 
well with water, dried first on a porous plate, and then at 100°, and 
purified by conversion into the methylic salt. 

For this purpose, the well-powdered dry acid was suspended in methylic 
alcohol, the mixture saturated with hydrogen chloride and allowed to 
stand for some hours; water was then added and the methylic salt 
extracted with ether. The ethereal solution, after being washed with 
water and sodium carbonate solution, was dried over calcium chloride, 
and the ether distilled off, when an oil was left which quickly solidified. 
After crystallising three times from methylic alcohol, the methylic salt 
was obtained pure in the form of prismatic needles, which, when heated 
in a capillary tube, sintered somewhat at 77°, and melted at 80°. 


I. 0°1592 gave 0°3710 CO, and 0-:0864 H,O. C=63°55; H=6-03. 
II. 0°1172 ,, 0°2726 CO, ,, 0°0628 H,O. C=63-43; H=5-95. 
CH,*C,H,(COOCH,), requires C= 63°46 ; H=5-76 per cent. 

Methylic methylisophthalate is readily soluble in most of the ordinary 
organic solvents, it is, however, but sparingly soluble in cold methylic 
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or ethylic alcohol, although it dissolves readily in these solvents on 
boiling. On hydrolysis with potash, it yields pure methylisophthalic 
acid, which separates from acetic acid as a white, apparently amorphous, 
powder, and melts at about 320—330°. 


0°1188 gave 0:2618 CO, and 0°0480 H,O. C=60-°01; H=4°48. 
CH,*C,H,(COOH), requires C = 60°00 ; H = 4°44 per cent. 


Methylisophthalic acid is practically insoluble in most organic sol- 
vents ; it dissolves slightly, however, in boiling water, and, on cooling, 
separates almost completely in white, flocculent masses. When treated 
with acetic anhydride or acetyl chloride, it does’not yield an anhydride. 
Prolonged treatment with sodium amalgam does not appear to have 
any action on this acid, nearly the whole being recovered unchanged on 
acidifying the alkaline product of the reaction. 

In purifying methylisophthalic acid in the way described above, the 
tetrahydroterephthalic acid formed during the reduction remains 
dissolved in the liquors from which the former acid separates on acidi- 
fication. To obtain this tetrahydro-acid, the solution was evaporated to 
dryness, and the residue extracted with ether in a Soxhlet apparatus ; 
after distilling off the ether and crystallising the extract from water, 
pure tetrahydromethylterephthalic acid was obtained, melting at 
240—245° (see p. 178). 


0°1110 gave 02386 CO, and 0:0642 H,O. C=58:62; H=6°42. 
CH,°C,H,(COOH), requires C=58°69 ; H=6°52 per cent. 


Methylterephthalic Acid, [Me : (COOH),=1 : 2: 5] 


The methylic salt A, the preparation of which is given on p. 163, 
consists of pure methylic methylterephthalate. 


0°1052 gave 0:2450 CO, and 0°0540 H,O. C=63°51; H=5-70. 
CH,°C,H,(COOCH,), requires C= 63°46 ; H =5°76 per cent. 


Methylic methylterephthalate is very readily soluble in benzene, ethylic 
acetate, light petroleum, and hot alcohol, but comparatively sparingly 
in cold methylic or ethylic alcohol. It melts at 73—74° In order to 
prepare methylterephthalic acid, the pure methylic salt (7 grams) was 
dissolved in alcohol, and heated on the water bath with alcoholic potash 
(7 grams) for 2 hours. The product was diluted with water, evaporated 
until free from alcohol, filtered, and acidified, when a very voluminous 
precipitate was thrown down. This was collected with the aid of the 
pump, washed well with water, dried, and purified by crystallisation 
from hot glacial acetic acid, from which it separates as an apparently 
amorphous powder melting at 325—330°. 
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0°1106 gave 0:2420 CO, and 0:0458 H,O. C=59°67; H=4°61. 
CH,°C,H,(COOH), requires C= 60°00 ; H = 4°44 per cent. 


Methylterephthalic acid resembles methylisophthalic acid very closely 
in its properties. It is practically insoluble in most organic solvents, 
such as benzene, chloroform, light petroleum, and ether, and although 
more readily soluble in boiling xylene and glacial acetic acid, it is practi- 
cally insoluble in these solvents in the cold. When heated, it sublimes 
without forming an anhydride. Methylterephthalic acid is moderately 
easily reduced when its solution in sodium carbonate is boiled with 
sodium amalgam, and in this respect it differs remarkably from 
methylisophthalic acid, which does not appear to be affected at all by 
this treatment. 


Tetrahydromethylterephthalic Acid, CH,*C,H,(COOH).,. 


In order to prepare this acid, methylterephthalic acid (18 grams) was 
dissolved in a little sodium carbonate solution, heated to about 100° by 
means of a water bath, and sodium amalgam (2 kilos.) added in small 
quantities at a time, a current of carbon dioxide being passed through 
the liquid during the operation. When the sodium amalgam had all 
been added, the aqueous solution was filtered, acidified, and the precipi- 
tate, collected by the aid of the filter-pump, was washed with a little 
water, and purified by crystallisation from hot water. It is thus obtained 
apparently in the amorphous condition ; it melts at 240—245°, sintering 
at about 230°, 


0°1182 gave 0°2554 CO, and 0:0696 H,O. C=58°82; H=6°53. 
CH,°C,H, (COOH), requires C = 58°69 ; H= 6:52 per cent. 


Tetrahydromethylterephthalic acid is fairly soluble in organic solvents, 
and especially readily in glacial acetic acid ; it is easily soluble in hot 
water,-and as it is also fairly soluble in cold water, a considerable quan- 
tity remains in the mother liquors after the acid has been collected. 
This can be recovered by evaporating and extracting the solid residue 
with ether in a Soxhlet’s apparatus (see p. 177). 

A solution of the acid in sodium carbonate decolourises potassium 
permanganate very quickly, but the acid itself appears to have little 
affinity for bromine or hydrogen bromide. 

An attempt was made to prepare the bromhexahydro-acid by heating 
the tetrahydro-acid with a solution of hydrogen bromide in glacial 
acetic acid in a sealed tube at 100° for several hours. On diluting the 
product with water, a black, oily-looking precipitate was obtained, but 
all attempts to isolate a pure bromhexahydro-acid for it were unsuc- 
cessful. When the black mass was dissolved in acetic acid and treated 
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with zinc dust, a small quantity of what appeared to be impure tetra- 
hydromethylterephthalic acid was obtained. The experiment was 
repeated several times, and in one instance an acid was obtained which 
decomposed permanganate only very slowly, and melted at 210—220° ; 
the quantity, however, was too small to permit of further investigation. 


Methylic tetrahydromethylterephthalate, CH,,* C,H(COOCH,).,. 


This compound was prepared by saturating a solution of the acid in 
methylic alcohol with dry hydrogen chloride, and adding water after the 
mixture had been left for several hours. The oil which separated was 
extracted with ether, the ethereal solution washed with sodium car- 
bonate and then with water, and dried by calcium chloride ; the ether 
was distilled off and the oily residue distilled under reduced pressure. 


0°1676 gave 0°3800 CO, and 0:1146 H,O. C = 61°83; H = 7°59. 
CH,°C,H,(COOCH,), requires C = 62°26 ; H = 7°55 per cent. 


Methylic tetrahydromethylterephthalate is an oil possessing compara- 
tively little odour ; it boils at 165—170° (20 mm.). 


Preparation of Methylterephthalic Acid by the Oxidation of Xylic Acid 
and of Paraxylic Acid. 


These experiments were instituted, as explained in the introduction, 
with the object of obtaining pure methylterephthalic acid for comparison 
with the acids obtained by the oxidation of pseudocumene. 

Xylic acid (2 grams) was dissolved in sodium carbonate solution and 
heated on a water bath with a dilute solution of potassium permanganate 
(4 grams) until the pink colour had disappeared. The manganese 
dioxide was then removed by filtration, washed with hot water, and the 
filtrate evaporated to a small bulk; on acidifying the liquid a volu- 
minous precipitate of methylterephthalic acid was thrown down. This 
was collected, dried on a porous plate, and crystallised from glacial 
acetic acid, when it separated as an apparently amorphous powder 
melting at 320—330°. The acid was converted into its methylic salt 
by means of methylic alcohol and hydrogen chloride in the usual way ; 
after crystallising from methylic alcohol, it melted at 73—74°, and was 
found to be identical with the methylic salt of this melting point, already 
described as methylic methylterephthalate (p. 177). 

On oxidising paraxylic acid in precisely the same way, an acid was 
obtained which again melted at 320—330° and yielded a methylic 
salt melting at 73—74° identical with that obtained from xylic acid. 
These two experiments prove that this substance, melting at 73—74°, 
must be the methylic salt of methylterephthalic acid. 
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Preparation of Methylisophthalic Acid by the oxidation of Isoxylic Acid. 


The isoxylic acid required for these experiments was obtained by the 
oxidation of paraxylyl methyl ketone (CH,),C,H,-CO-CH,, this being 
prepared by a method similar to that recommended by Claus and 
Wollner (Ber., 1885, 18, 1856), namely, by treating a mixture of 
paraxylene and acetyl chloride with aluminium chloride. 

Paraxylene (20 grams) was mixed with acetyl chloride (25 grams) 
and carbon bisulphide (60 grams), and finely-powdered aluminium 
“chloride (26 grams) was gradually added to the mixture, which was well 
shaken during the operation. The whole was then heated on the water 


bath for a few minutes, and afterwards poured on to ice, The oil © 


containing carbon bisulphide was extracted with ether, the ethereal 
solution washed with sodium carbonate, then with water and dried over 
calcium chloride ; the ether and carbon bisulphide were then distilled 
off, and the residue fractionated under the ordinary pressure. About 
7 grams of an oil boiling at 220—230°, and consisting of nearly pure 
paraxylyl methyl ketone, were obtained, and 10 grams of paraxylene 
were recovered unchanged. 

Oxidation of paraxylyl methyl ketone—The fraction boiling at 
220—230° was mixed with about 30 grams of dilute nitric acid (1 vol. of 
acid, sp. gr. 1:4, and 3 vols. of water) and heated just to boiling for 
2 hours. On cooling the mixture, the oily product ‘solidified to a hard 
mass ; this was collected, washed with water, and boiled for a consider- 
able time with sodium carbonate solution. The liquid was filtered from 
the insoluble matter, extracted once with ether and then acidified ; the 
bulky precipitate thus produced was collected, washed with water, dried 
on a porous plate, and recrystallised from acetic acid. In this way 
isoxylic acid, C,H,Me,,COOH[Me,: COOH = 1: 2:4], was obtained 
quite pure, melting at 132°. 

The oxidation of isoxylic acid with permanganate was conducted in 
exactly the same manner as described in the case of xylic acid (p. 179), 
and a dibasic acid was obtained which, as it did not give an anhydride, 
was evideutly methylisophthalic acid. It melted at 320—330°, and 
yielded a methylic salt which, after crystallisation from alcohol, 
melted at 79—80° ; this was identical with the substance of the same 
melting point described on page 177 as methylic methylisophthalate. 
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XIIT.—Observations on the Oxidation of Nitrogen Gas. 


By Lorp Ray ere. 


THE observations here described were made in connection with the 
isolation of argon by removal of the nitrogen from air, but they may, 
perhaps, possess a wider interest as throwing light upon the behaviour 
of nitrogen itself. 

According to Davy,* the dissolved nitrogen of water is oxidised 
to nitrous (or nitric) acid when the liquid is submitted to electrolysis. 
“To make the experiment in as refined a form as possible, I procured 
two hollow cones of pure gold containing about 25 grains of water 
each, they were filled with distilled water connected together by a 
moistened piece of amianthus which had been used in the former 
experiments, and exposed to the action of a voltaic battery of 100 
pairs... . In 10 minutes the water in the negative tube had gained 
the power of giving a slight blue tint to litmus paper: and the water 
in the positive tube rendered it red. The process was continued for 
14 hours ; the acid increased in quantity during the whole-time, and 
the water became at last very sour to the taste. . . . The acid, as far 
as its properties were examined, agreed with pure nitrous acid having 
an excess of nitrous gas ” (p. 6). 

Further (p, 10), “I had never made any experiments, in which acid 
matter having the properties of nitrous acid was not produced, and the 
longer the operation the greater was the quantity which appeared... . 
It was natural to account for both these appearances, from the com- 
bination of nascent oxygene and hydrogene respectively ; with the 
nitrogene of the common air dissolved in the water.” 

Davy was confirmed in his conclusion by experiments in which the 
electrolytic vessels were placed in a vacuum or in an atmosphere of 
hydrogen. There was then little or no reddening of the litmus, even 
after prolonged action of the battery. 

If nitrogen could be oxidised in this way, the process would be a 
convenient one for the isolation of argon, for it could be worked on a 
large scale aud be made self-acting. But it did not appear at all probable 
that nitrogen could take a direct part in the electrolysis. In that case, 
its oxidation would be a secondary action, due, perhaps, to the forma- 
tion of peroxide of hydrogen. This consideration led me to try the 
effect of peroxide of sodium on dissolved nitrogen, but without 
success. The nitrogen dissolved in 1250 c.c. of tap water and liberated 
by boiling, was found to be 19°1 c.c., and it was not diminished by a 
previous addition of peroxide of sodium, with or without acid. Having 
failed in this direction, I endeavoured to repeat Davy’s experiment 

* Phil. Trans., 1807, p. 1. 
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nearly in its original form. The water was contained in two cavitie 

bored in a block of paraffin, and connected by a wick of asbestos which 
had been previously ignited. By means of platinum terminals con- 
nected with a secondary battery, a potential difference of 100 volts 

was maintained between the cups. The whole was covered by a 
glass shade, to exclude any saline matter that might be introduced from 
the atmosphere. But, under these conditions, no difference in the 
behaviour of litmus when moistened with water from the two cups 
could be detected, even after 14 days’ exposure to the 100 volts. 
When, however, the cover was removed, the litmus responded 
markedly after a day or two. 

The failure of several attempts of this kind lead me to doubt the 
correctness of Davy’s view, that the dissolved nitrogen of water is 
oxidised during electrolysis. At any rate, the action is so slow that the 
process holds out no promise of usefulness on a large scale. 


In the oxidation of nitrogen by gaseous oxygen under the action of 
electric discharge, a question arises as to the influence of pressure. If 
the mass absorbed were proportional to pressure, or the volume inde- 
pendent of pressure, the electrical energy expended being the same, it 
might be desirable to work with highly condensed gases, in spite of 
the serious difficulties that must necessarily be encountered. That 
pressure would be favourable seems probable a priori, and is suggested 
by certain observations of Dr. Frankland. My own early experiments 
pointed also in the same direction, A. suitable mixture of nitrogen 
and oxygen, standing in an inverted test-tube over alkali, was sparked 
from a Rhumhorff coil actuated by five Grove cells; when the total 
pressure was about three atmospheres, the mass absorbed was about 
three times that absorbed in the same time at the ordinary pressure. 

This result made it necessary to proceed to operations upon a 
larger scale with the alternate current discharge. Experiments were 
first tried in a small vessel (of 250 ¢.c.), which would be more easily 
capable of withstanding internal pressure than a larger one. In 
order to protect the glass, which at the top was almost in contact 
with the electric flame, and to promote absorption of the combined 
nitrogen, the alkali was used in the form of a fountain, which struck 
the glass immediately over the flame, and washed the whole of the 
internal surface.* But, to my surprise, preliminary trials, conducted 
at atmospheric pressure, showed that this apparatus was not effective. 
The rates of absorption were about 1600 c.c. per hour, the runs 
themselves being for half-an-hour. About double this rate had 
already been obtained with the same electrical appliances and with 
stationary alkali, Care having been taken that the quality of the 


* Rayleigh and Ramsay, Phil. Trans., 1895, p. 217. 
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mixture within the working vessel was maintained throughout the 
run, the smaller efficiency could only be connected with the confined 
space. 

As to the reason why a confined space should be unfavourable, it 
is difficult to give a decided opinion. Other things being the same, 
the surface presented by the alkali will be diminished in a smaller 
vessel, and the absorption of the combined nitrogen may consequently 
be less rapid. But it is difficult to accept this explanation, in view 
of the favourable conditions secured by the use of a fountain. The 
gases, as they rise from the flame, impinge directly upon the alkali, 
which is itself in rapid motion over the whole internal surface. It 
would almost seem as if the combined nitrogen, as it leaves the 
flame, is not yet ready for absorption, and only becomes so after the 
lapse of a certain time. However this may be, the efficiency is in 
practice improved by largely increasing the capacity of the working 
vessel. A larger bottle, of 370 c.c. capacity, allowed a rate of 2000 c.c. 
per hour. A flask of still greater capacity gave 3300 c.c. per hour, 
whilst with a larger globe capable of holding 4} litres, a rate of 
6800 c.c. per hour was obtained. These experiments were all made 
at atmospheric pressure with a fountain of alkali and with the 
electric flame in as nearly as possible a constant condition. In the 
case of the smallest vessel, it was thought that the separation of 
the platinum terminals may have been insufficient for the best effect, 
but the loss due to this cause must have been relatively small. 
Electrical instruments connected with the primary circuit of the 
Rhumbhorff gave readings of 10 ampéres and 41 volts. 

When the comparatively small vessel of 370 c.c. was used at a pres- 
sure of about one additional atmosphere, the volume absorbed was 
about the same as in the experiments with the same vessel at atmos- 
pheric pressure, thus indicating a doubled efficiency. This increased 
efficiency is, however, of no practical importance, inasmuch as a higher 
efficiency still can be obtained at atmospheric pressure by use of a 
larger vessel. In order to clear up the question, it was necessary to 
compare the efficiencies in a /arge vessel at different pressures, an 
operation involving considerable difficulty and even danger. 

For this purpose, a glass globe, nearly spherical in form, and having 
a capacity of about 7 litres, was employed. The extra pressure was 
nearly an atmosphere and was obtained by gravity, the feed and return 
pipes for the alkaline fountain, as well as the pipe for the supply of 
water to the gas-holder, being carried to a higher level than that at 
which the rest of the apparatus stood. The rate of absorption (reduced 
to atmospheric pressure) was 6880 c.c. per hour. Experiments con- 
ducted at atmospheric pressure gave as a mean 6600 c.c. 

In order to examine still further the influence of pressure, two 
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experiments were tried under a total pressure of ha// an atmosphere. 
The reduced numbers were 5600, 5700 c.c. per hour. From these 
results, it would appear that the influence of pressure is slightly favour- 
able. But, in comparing the results for one atmosphere and for half 
an atmosphere, it should be remembered that, in the latter case, aqueous 
vapour is responsible for a sensible part of the total pressure. At any 
rate, the results are much more nearly independent of pressure than 
proportional to pressure ; so that the cases of large and small vessels 
are sharply distinguished, pressure appearing to be advantageous only 
where the space is too confined to admit of the best efficiency at a given 
pressure being reached. 


Not sorry to be relieved from the obligation of designing a large 
scale apparatus to be worked at a high pressure, such as 20 or 100 
atmospheres, I reverted to the ordinary pressure, and sought to obtain 
a high rate of absorption by employing a powerful electric flame con- 
tained in a large vessel whose walls were washed internally by an 
alkaline fountain. The electrical arrangements have been the subject 
of much consideration, and require to be different from what would 
naturally be expected. Since the voltage on the final platinums during 
discharge is only from 1600 to 2000, as measured by one of Lord 
Kelvin’s instruments, it might be supposed that a commercial trans- 
former, transforming from 100 volts. to 2400 volts., would suffice for 
the purpose. When, however, the attempt is made, it is soon dis- 
covered that such an arrangement is quite unmanageable. When, after 
some difficulty, the are is started, it is found that the electrical con- 
ditions are unstable. Things may go well for a time, but after perhaps 
some hours the current will rise and the platinums will become over- 
heated and may melt. Even when two transformers were employed, 
so connected as to give an open secondary circuit nearly 4800 volts., 
the conditions were not steady enough for convenient practice. The 
transformer used in the experiments about to be described is by Messrs. 
Swinburne, and is insulated with oil. On open secondary, the voltage 
is nearly 8000,* but it falls to 2000 or less when the discharge is 
running. Even with this transformer, it was necessary to include in 
its primary (thick wire) circuit a self-induction coil, provided with a 
core consisting of a bundle of iron wires, and adjustable in position. 
As finally used, the adjustment was such that the electromotive force 
actually operative on the primary was only about 30 volts. out of the 
100 volts. available at the mains of the public supply. This reduction 
of voltage does not, at any rate from a theoretical point of view, 
involve any loss of economy, and some such reduction seems to be 
essential to steadiness. Under these conditions, the current taken 


amounted to 40 ampéres. 
* Probably 6,000 would have sufficed, 
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It is scarcely necessary to say that the watts actually delivered to the 
primary circuit of the transformer are less than the number (1200) 
derived by multiplication of volts. and ampéres. From some experiments 
made under similar conditions,* I have found that the factor of reduction 
—the cosine of theangle of lag—is about two-thirds, so that the watts 
taken in the above arrangement are about 800, representing a little 
more than a horse-power. 

The working vessel, A, was of glass, spherical in form, and of 50 litres 
capacity. The neck was placed down- 
wards, and was closed by a large rubber 
stopper, through which five tubes of glass 
penetrated. Two tubes of substantial 
construction carried the electrodes, B, C, 
arranged much as inaformer apparatust ; [| 
two more, D and E, were required for the K 
supply tube of the fountain and for the 
drain of liquid, whilst the fifth, F, was 
for the supply of gas. The external drown- 
ing of the vessel, formerly necessary, was 
now dispensed with ; but a suitable cool- 
ing arrangement for the alkali (some- 
thing like the worm of a condenser) had 
to be provided to obviate excessive accu- 
mulation of heat. 

As the solution of alkali circulated 
entirely in the closed apparatus, it could 
lose none of its dissolved argon. It was maintained in’ circulation 
by a small centrifugal pump constructed of iron and driven from an 
electric motor. 

The mixed gases (about 11 parts of oxygen to 9 parts of air) were 
supplied from a large gas-holder; but an auxiliary holder was also 
necessary in order to observe the rate of absorption. When the rate 
became unsatisfactory, the mixed gas in the working vessel was analysed 
and the necessary rectification effected. 

In the earlier stages of the operation, the rate of absorption was 
about 21 litres per hour, and this, by proper attention, could be main- 
tained without much loss until the accumulation of argon began to tell. 
If we take 20 litres as corresponding to 800 watts, we have 25 c.c. per 
watt-hour, an efficiency not very different from that found in operations 
on a much smaller scale. 

The present apparatus works about three times as fast as the former 
one, in which the vessel was smaller and the alkali stationary. It 


* I hope shortly to publish an account of the method employed. 
+ Rayleigh and Ramsay, Phil. Trans., 1895, p. 218. 
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is also more interesting to watch, as the electric flame is fully exposed 
to view. On the other hand, it is more complicated, owing to the use 
of a circulating pump, and probably requires closer attention. A failure 
of the fountain whilst the flame was established would doubtless soon 
lead to a disaster. 

I have been efficiently aided throughout by Mr, Gordon, who has not 
only fitted the apparatus, but has devised many of the contrivances 
necessary to meet the ever-recurring difficulties which must be expected 


in work of this character. 


XIV.—Derivatives of Maclurin. Part II. 
By A. G. Perkin, F.R.S.E. 


In a previous communication (Bedford and Perkin, Trans., 1895, 
67, 933), it was shown that maclurin, one of the colouring matters of 
old fustic (Morus tinctoria), reacts with 2 molecules of diazobenzene 
and analogous substances, yielding crystalline compounds. Based upon 
the fact that maclurin forms a pentabenzoyl derivative, C,,H,O,(C,H,0), 
(Kénig and Kostanecki, Ber., 1893, 26, 1994), and when fused with 
alkali yields protocatechuic acid and phloroglucinol, it appears to be a 
pentahydroxybenzophenone ; consequently, the constitution of maclu- 
rine-azobenzene was represented as follows. 


OH 
OH \—0o—/” NN:N: C,H, 
on.) onl Jou 

N:N-0,H, 


Ciamician and Silber (Zer., 1894, 27, 1628) found that maclurin, 
when digested with acetic anhydride and excess of anhydrous sodium 
acetate, behaves peculiarly, yielding, not a pentacetyl compound, but 
a substance having this composition less 1 molecule of water. 
Further, by the action of hydriodic acid, this is converted, not into 
maclurin, but into a compound, C,,H,,0,, isomeric with fisetin. Phlore- 
tin, C,,H,,0;, also, a product obtained by the decomposition of the 
glucoside phloridzin, which exists in the root bark of the apple tree, 
behaved similarly. These authors point out that in this respect both 
phloretin and maclurin behave like cotoin, which had been previously 
examined by them (Ber., 1894, 27, 409), and found to be a mono- 
methyl ether of benzoylphloroglucinol. This, when treated with 
acetic anhydride and sodium acetate, is converted into a substance 
having the constitution of a diacetyl derivative less 1 molecule of 
water, shown ultimately to be the acetyl compound of a monomethyl 
ether of metadioxyphenylcoumarin. 
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Certain natural colouring matters and allied substances, at present 
undergoing investigation, which possess the property of reacting with 
diazobenzene, yield by the ordinary method of acetylisation sticky pro- 
ducts difficult to purify, resembling maclurin in this respect. Their 
behaviour, when treated according to the process of Ciamician and 
Silber, has not at present been studied, for the derivatives formed not 
being normal acetyl compounds, cannot be used as a sure indication of 
the number of hydroxy! groups present in them. 

Having observed that the diazobenzene derivatives of maclurin, 
cyanomaclurin, &c., are considerably more stable towards reagents 
than the substances themselves, it appeared possible that the acetyli- 
sation might proceed in the normal manner, and further that by Lieber- 
mann’s method, the number of acetyl groups present could be deter- 
mined with accuracy and rapidity. The difficulty experienced in 
preparing a quantity of the substances under examination made it ad- 
visable to first test the accuracy of such a method with maclurin itself, 
for not only is this colouring matter more readily procurable, but 
from Kostanecki’s results, the number of its hydroxyl groups is 
no longer open to doubt. It was at first intended to embody 
the results of this paper in an investigation of cyanomaclurin and 
catechin which is now proceeding, but having noticed that Herzig 


(Monatsh., 1896, 1'7, 421) has expressed his intention to further study 
the acetylisation products of maclurin obtained by Ciamician and 
Silber, I thought it desirable to submit this communication to the 
Society, so as to conclude for the present my study of maclurin. 


EXPERIMENTAL. 


A mixture of 1 gram of finely-powdered maclurinazobenzene, 1 
gram of anhydrous sodium acetate, and 30 grams of acetic anhydride 
was digested at the boiling heat ; the maclurinazobenzene, without 
appearing to dissolve entirely, became slightly yellower, and after a few 
minutes the whole was transformed into a semi-solid mass, owing to the 
separation of yellow crystals. Excess of acetic anhydride was now added, 
and the mixture digested until complete solution was attained, the 
heating being continued for an hour longer. After diluting with acetic 
acid, the product was poured into a large volume of water, and the 
red precipitate collected and washed. Before drying at 100°, it was 
found preferable to strongly press the product between bibulous paper, 
otherwise, when much water was present, the whole aggregated to a 
dark-coloured, resinous mass, whilst, if this was avoided, a friable red 
powder was obtained, which could be more readily purified. Treatment 
with alcohol removed a dark-coloured impurity, and the residue was 
then crystallised from boiling cumene ; this was greatly facilitated by 
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the addition of a trace of alcohol to the hot cumene solution, the mass 
then separating entirely in the crystalline form, and the tendency of a 
portion to gelatinise was avoided. 


01420 gave 11 cc. nitrogen at 18° and772 mm. N=9-09. 

01230 gave 02817 CO, and 00495 H,O. C=62°45; H=4°47. 
C,,H,0,(C,H,0).(N,°C,H;), requires C=62°42. H=4:02; N=9-40 

per cent. O,,H,O,(C,H,O),(N,*C,H;), requires N = 8°77 per cent. 


Although the production of a triacetyl derivative was readily to be 
accounted for, it appeared advisable to study the action of acetic anhy- 
dride when continued for a longer period, and for this purpose the 
heating was continued for 7 hours. The chief product of the acetylisa- 
tion was again found to be the above acetyl compound, accompanied, 
however, in this instance, by a larger quantity of the resinous impurity 
previously referred to. An analysis gave the following result. 


0°1708 gave 13°6 c.c. nitrogen at 15° and 770 mm. N=9°45, 
Theory requires N = 9°40 per cent. 


In order to determine the number of acetyl groups contained in this 
substance, it was suspended in a very little boiling acetic acid, a few 
drops of sulphuric acid added, and the clear solution heated to boiling 
for a short time; the cautious addition of boiling water caused the 
separation of crystals, and after the mixture had stood for 12 hours, 
they were collected and washed with water. The filtrate was" pale 
yellow, evidently containing a trace of the substance still in solution ; 
it was therefore concentrated to a small bulk, treated with boiling 
water, and again evaporated, this process being repeated until but a 
faint odour of acetic acid was perceptible. After standing 12 hours, 
the minute quantity of crystals which had then separated was added 
to the main bulk, which was dried first at 100° and then at 160°. 

07716 gave 0°6109 C,,H,O,(N,C,H,).. Found, 79°17 per cent. 
C,,H,0,(C,H,0).(N,°C,H,), requires C,,H,O,(N,C,H;). = 78°86 per cent. 


To be sure that the decomposition product thus obtained was in 
reality maclurinazobenzene, it was analysed, with the following result. 


0°1222 gavs 13 ¢.c. moist nitrogen at 19° and 743 mm. N =11°94. 

01193 ,, 0°2786 CO, and 0°0430 H,O. C=63°69; H=400 
C,,H,O,(N.°C,H,),. requires C = 63°83 ; H=3°83; N=11-91 per cent. 

Its melting point also was found to be identical with that of 
maclurinazobenzene, for when heated, both showed signs of decompo- 
sition at 265°, and melted at 276—277° with evolution of gas. It was 
observed that the melting point of maclurinazobenzene varied within a 
few degrees, according to the rapidity with which it was heated ; if 
heated slowly it melted even as low as 270°. The crystals obtained 
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on decomposing the acetyl compound in this manner were remark- 
able for their size and beauty, as compared with those produced by 
the methods described in the previous paper (Joc. cit.), a fact which at 
first caused a doubt as to their identity. It was, however, found 
subsequently that, on cautiously adding water to the unacetylised 
substance dissolved in a hot dilute solution of sulphuric acid in acetic 
acid, crystals separate, identical with those obtained from the acetyl 
compound. 

Triacetylmaclurinazobenzene forms a mass of glistening, hair-like, 
orange yellow needles, melting at 240—243° with decomposition, 
sparingly soluble in boiling acetic acid and cumene. It is not 
attacked by cold, dilute alkalis, but on heating gradually dissolves, 
yielding an orange-red liquid from which acids precipitate red flocks of 
the free diazobenzene compound. It has been stated above that when 
maclurinazobenzene is digested with acetic anhydride and sodium 
acetate, the mixture quickly solidifies unless a very large excess of the 
former reagent is present. In order to examine this product, the 
mass thus produced was stirred up with a small quantity of acetic 
acid, and the crystals collected, washed repeatedly with alcohol, then 
with water and dried. The glistening mass of yellow needles thus 
obtained was found to consist entirely of the above triacetylmaclurin- 
azobenzene, it being thus evident that the process of acetylisation 
takes place with extreme rapidity, prolonged digestion being unneces- | 
sary. In this way, moreover, the yield is considerably increased. 

Maclurin, as is well known, contains a phloroglucinol nucleus, and 
it therefore appeared of interest to study the acetylisation of phloro- 
glucinolazobenzene ; this was prepared according to the directions of 
Weselsky and Benedikt (Ber., 12, 226), and purified by crystallisation 
from alcohol. A nitrogen estimation gave N = 16-43 per cent., theory 
requiring 16°76 per cent. 

In acetylising this substance, the method employed was identical 
with that described above with maclurinazobenzene. As the digestion 
proceeded, the bright orange-red solution at first obtained gradually 
became browner and finally very dark, as if decomposition was taking 
place. The addition of water caused the separation of a chocolate- 
coloured precipitate, which, after standing for 12 hours, was collected, 
washed, and dried. Treatment with slightly warm acetic acid removed 
from this product a dark-brownish, resinous substance, a small quantity 
of a red powder remaining undissolved ; this was purified by crystalli- 
sation from acetic acid. 


0°0882 gave 11:4c.c. nitrogen at 16°, and 754mm. N=14-94. 
C;H,0.(N,*C,H,),*C,H,O requires N = 14°89 per cent. 


The yield of the acetyl compound obtained in this way being small, 
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it seemed;probable that, if digested for a shorter time, a larger quantity 
might be produced ; this was found to be the case. As soon as it was 
completely dissolved, the whole was allowed to cool, and the crystals, 
after treatment with acetic acid, were collected, washed with alcohol, 
then with water, and finally purified by crystallisation from acetic 
acid. 

0°1357 gave 177 ¢.c. nitrogen at 17°, and 740 mm. H=14°73 ; 

01178 ,, 0:2745 CO,, and 00495 H,O. C=63°55 ; H= 4°67. 
C,H,0,(C,H,O)(N.C,H;,), requires C = 63°82 ; H= 4:25; N=14°89 p.c. 


To determine the number of acetyl groups present, a similar method 
was employed as with the maclurin compound. 


06664 gave 05887 C,H,O,°(N,°C,H;),. Found, 88°19 per cent. 
C,H,0,(C,H,0)(C,H,N,), requires C,H,0,(N,*C,H,), = 88°83 per cent. 


It was evidently a monacetyl compound. The regenerated phloro- 
glucinolazobenzene was analysed. 


0°1342 gave 19°7 c.c. nitrogen at 16°, and 748 mm. N= 16 83. 
Theory requires N = 16°76 per cent. 


Phloroglucinolazobenzene melts and decomposes at 228—230°. 

Monacetylphloroglucinolazobenzene was obtained as an orange-red mass 
of glistening needles melting at 222—-223° with decomposition, readily 
soluble in boiling glacial acetic acid. Cold alkaline solutions do not 
dissolve it, but on warming, orange-red liquids are obtained, from which 
acids precipitate red flocks of the azo-compound. 

The above results show that, although in maclurin five hydroxyls 
exist, three only are present in its diazobenzene derivative. This is 
readily accounted for on examining the constitution shown above, two 
hydroxyls in the ortho-position relatively to the diazobenzene groups 
being in the ketonic condition. The same also is the case with 
phloroglucinolazobenzene, which consequently contains, as found above, 
but one free hydroxy] group, and, if further proof were needed, there 
is here conclusive evidence of the existence in maclurin of five hydroxyl 
groups, 

It is interesting to notice that the peculiar reaction of maclurin with 
acetic anhydride and sodium acetate investigated by Ciamician and 
Silber (/oc. cit.) does not, under the conditions here employed, take 
place with its diazobenzene derivative, as this behaves in the normal 
manner with these re-agents. Its behaviour in this respect, and 
its stability when compared with maclurin, would appear, therefore, 
to be due to the ketonic condition of the two hydroxyls above referred 
to. Moreover, it appears probable that the acetylisation of the diazo- 
benzene derivatives of substances analogous to maclurin will yield a 
ready means of estimating their hydroxyl groups, in case these cannot 
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be determined in the ordinary way ; and further experiments that are 
being carried out on the azobenzene derivative of catechin seem likely 
to corroborate this supposition. In such substances, but little difficulty 
presents itself in determining the group or groups present to which 
this reactive capacity with diazo-compounds is due, and should ortho- 
azo-derivatives be formed, the ketonic condition of such hydroxy] groups 
must thus be allowed for. 

Inuteolin.—Since the publication of my last communication on this 
colouring matter, a paper has appeared by Herzig (Monatsh., loc. cit.) 
which confirms those results excepting as regards a slight difference in 
the melting point of luteolin triethyl ether. He, however, mentions a 
second product formed during the ethylation of luteolin, although its 
nature and composition were not determined. Although no account 
of this substance appears in my paper, I was fully aware of its existence, 
but did not consider it necessary to mention it at that time, believing 
that the prior publication of my results was sufficient to reserve for 
me the further study of this reaction. Understanding, however, from 
a private communication from him, that he is investigating this product, 
I have withdrawn my claim to it. This, however, renders it necessary 
for me to point out that, during the methylation of luteolin, the results 
of which I have already partly described, a second substance is similarly 
produced in conjunction with luteolin trimethyl ether. An account 
of this, now partly investigated, I hope shortly to lay before the Society. 
For reasons similar to those given above, it has not been before men- 
tioned, although I have been aware of its existence for many months. 
I reserve this entirely for myself. 

CLOTHWORKERS’ RESEARCH LABORATORY, 
DYEING DEPARTMENT, 
YORKSHIRE COLLEGE. 


XV.—Camphoroxime. Part I. Conversion of Cam- 
phoroxime into Methylcamphorimine and into Cam- 
phenylnitramine. 


By Marrin Onstow Forster, Ph.D. 


In studying the properties of the methyl ether of camphoroxime—a 
substance which is readily obtained on heating the oxime in a reflux 
apparatus with sodium methoxide, methylic iodide, and methylic 
aleohol—it became of interest to ascertain whether ethers are pro- 
duced under the direct influence of alkylic iodide on camphoroxime. 
The latter was therefore heated with methylic iodide in sealed tubes 
at temperatures above 100°, and it was found that, under these 
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circumstances, the product consisted of the hydriodide of a base, which 
proved to be the methy] derivative of camphorimine. 

Camphorimine was first obtained by Tiemann on treating camphor- 
oxime with nitrous acid (Ber., 1895, 28, 1080), which gives rise 
simultaneously to camphorimine nitrate and camphenylnitramine. 
The identity of the product of the action of methylic iodide on cam- 
phoroxime with methyleamphorimine, which, according to Tiemann, 


has the constitution 


(CH,),C-—CH—CH, 
| CH, 
| | \ 
CH,: CH: CH—C:N-CH,, 


was at once suggested by the conversion of the former into camphor 
and methylamine under the influence of concentrated hydrochloric acid 
at high temperatures, the point being placed beyond doubt by com- 
parison with a specimen of the methyl derivative prepared directly 
from camphorimine by the method described in a recent paper by 
Mahla and Tiemann (Zer., 1896, 29, 2809). As the examination of 
methyleamphorimine was almost completed when Mahla and Tiemann’s 
paper appeared, and its properties have not yet been described, these 
are recorded in the present communication. 

Although camphorimine is a comparatively unstable substance, 
which undergoes partial decomposition at its melting point (95°), and 
evolves ammonia when exposed to the air for a considerable period (/oc. 
cit.), the methyl derivative, which boils at 203°, may be preserved 
indefinitely without change ; as already stated, however, the base gives 
rise to camphor when heated with concentrated hydrochloric acid in 
sealed tubes, and the same change takes place when an acid solution 
of the hydrochloride is evaporated on the water bath. Camphor is 
also regenerated when an aqueous solution of methylcamphorimine 
methiodide is treated with cold, dilute caustic soda, or boiled with 
sodium carbonate ; the quantity obtained in this way approximates to 
the theoretical proportion. Methyleamphorimine immediately decolo- 
rises bromine when the solution in chloroform is treated with the 
halogen in the same medium, an additive compound being formed. 
This behaviour, however, cannot be regarded as evidence of the un- 
saturated linking between carbon and nitrogen, because a solution of 
iodine gives rise toa similar product ; moreover, the dibromide, ob- 
tained in the manner described, readily loses bromine when treated 
with warm, dilute hydrochloric acid, and is therefore most probably 
a perbromide in which both bromine atoms are attached to nitrogen. 

It has been pointed out by Tiemann (/oc. cit.) that the production of 
camphorimine and camphenylnitramine, by the action of nitrous acid 
on camphoroxime, admits of explanation on the assumption that the 
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nitrite of camphoroxime, C,,H,,;NOH,HNO,—which is probably 
incapable of existence in the free state—constitutes the intermediate 
product of the change, and undergoes molecular rearrangement, yield- 
ing the nitrate of camphorimine, C,,H,,.NH,HNO,; the greater 
portion, on the other hand, loses the elements of water, and becomes 
converted into camphenylnitramine, C,,H,,,NH*NO,. No simple 
explanation of the direct production of methyleamphorimine hydriodide 
by the action of methylic iodide on camphoroxime is apparent at 
present, and this curious result was certainly not anticipated at the 
time the experiments were undertaken ; as expressed by the equation 
C,)H,,-NOH + CH,I=C,,H,,.N,HI+0, one methylic group is intro- 
duced into the oxime, and an atomic proportion of oxygen eliminated 
from the product. I have been unable to meet with the record 
of any experiments in which oximes have been submitted to the 
direct ‘action of alkylic iodides, excepting those of Luxmoore (Trans., 
1896, 69, 185), who obtained the hydriodide of benz-antialdoxime 
nitrogen methyl ether on heating the oxime with methylic iodide ; 
attempts to apply this action to the preparation of the alkyl isoxi- 
mido-derivative of benzophenone were unsuccessful (footnote, Joc. cit.). 
Whilst the production of the hydriodide of benz-antialdoxime nitrogen 
methyl ether constitutes an additive action, involving a change in the 
valency of nitrogen, no such simple course is followed in the action 
of methylic iodide on camphoroxime, and in view of the fact that the 
yield of methyleamphorimine hydriodide does not approximate to the 
amount required by theory, it would be premature to discuss the 
mechanism of the change until fresh evidence is forthcoming. 


EXPERIMENTAL. 
i. 


, C 

ha . ! 
Methyleamphorimine, C,H, O:N-CH,, 
Although the first experiments which led to the direct conversion of 
camphoroxime into methyleamphorimine were carried out at tempera- 
tures approaching 200°, it is unnecessary to heat the contents of the 
tube above 100°. Ten grams of camphoroxime are enclosed in a hard glass 
tube with 20 grams of methylic iodide, and heated during 1—2 hours at 
120—140° : on opening the capillary, there is a considerable escape of 
gas, and the tube contains a dark-brown oil, impregnated with a 
crystalline deposit of methyleamphorimine hydriodide. The viscous 
liquid, which has the odour of campholenonitrile, is allowed to drain 
as completely as possible from the hydriodide, which is then transferred 
to the filter pump, washed several times with ether, and finally with 
alcohol ; the quantity of salt obtained from 10 grams of camphoroxime 
amounts to 7°5 grams. The recrystallised hydriodide is dissolved in 
hot water and treated with caustic soda, which liberates the base as a 
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pale yellow oil ; the liquid is extracted with ether, which is then dried 
with caustic potash, and removed by distillation. 

Methyleamphorimine is a limpid, almost colourless oil, which boils at 
203° (uncorr.) under a pressure of 757 mm., and has the sp. gr. = 0°9226 
at 22°75°; it is levorotatory, and the mean of seven concordant readings 
in a 2 decimetre tube gave ap= — 43°39’ at 22°75°, whence the specific 
rotatory power [a],= —23°6°. The base has the odour of piperidine, 
and the vapour produces dense white fumes with hydrogen chloride ; 
it is readily volatile in an atmosphere of steam, and on boiling it with 
water the odour suggests both camphor and ammonia. The vapour 
is inflammable, and will ignite at the mouth of the test-tube in which 
water is boiled along with the base. 

Although a preliminary examination of this substance pointed to 
the formula C,,H,,N (Proceedings, 1895, 146), the preparation of the 
compound on a larger scale, and the investigation of new derivatives, 
have established the formula C,,H,,N as representing its composition, 
The following results were obtained on analysis. 


0:2222 gave 0°6480 CO,, and 02266 H,O. C=79:53; H=11-33. 
01419 ,, 0:4159 CO,, and 0°1476 H,O. C=79°93; H=11°55. 
C,,H,,N requires C= 80°00 ; H=11°51 per cent. 


Methyleamphorimine has no reducing action on ammoniacal silver 
or Fehling’s solutions ; unlike camphorimine, it does not yield camphor 
when treated with a hot solution of sodium hydrogen sulphite. It is 
indifferent towards an acid solution of potassium permanganate, an 
ice-cold solution of the oxidising agent merely precipitating the 
crystalline permanganate, which separates in lustrous, violet scales, and 
becomes brown when exposed to the air ; a neutral solution is reduced on 
boiling, but dilute nitric acid has no immediate action on the substance. 

Scission of Methylcamphorimine.—When a solution of camphorimine 
in cold, alcoholic, oxalic acid is kept for some days, it is found that a 
certain amount of camphor is formed, and it is also produced wher an 
acid solution of the hydrochloride is heated on the water bath ; the 
quantity of camphor obtained in this way, however, is comparatively 
small, the greater proportion of the base being easily recovered on 
treating the filtered liquid with alkali. The hydrolytic action proceeds 
almost quantitatively, however, when the base is heated with concen- 
trated hydrochloric acid. 

Three c.c. of methyleamphorimine were heated in a sealed tube with 10 
c.c. of concentrated hydrochloric acid for 2 hours at 180—200°, it having 

been previously ascertained that no separation of camphor occurs at 
120°. After being submitted to the higher temperature, the tube was 
found to contain a solid cake of camphor ; the contents were therefore 
transferred to a distilling flask in which steam was driven through 
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the liquid, and a quantity of camphor weighing 2 grams was carried over. 
Assuming the action to take place in accordance with the equation 
C,,H,,.N + H,0=C,,H,,0 + CH,°NH,, 

2-6 grams of camphor should have been expected. The residual liquid 
was filtered, concentrated on the water bath, and extracted with 
chloroform in order to remove a small quantity of methyleamphorimine 
hydrochloride which escapes hydrolysis ; the solution answered to the 
qualitative tests for methylamine hydrochloride, remaining clear on 
treatment with soda, and yielding a gaseous base which fumed with 
hydrogen chloride, and burnt readily. On mixing the liquid with a 
solution of platinum tetrachloride, an orange-coloured platinochloride 
was obtained. This was analysed with the following result. 


0:0504 gave 0°0206 Pt. Pt=40°9. 

0:0407 ,, 00167 Pt. Pt=41°0. 

(CH,°NH,),H,PtCl, requires Pt = 41:3 per cent. 

The camphor obtained in this manner was identified by conversion 
into the oxime, which melted at 118°, and did not depress the melting 
point of purified camphoroxime when mixed with it. 

Methyleamphorimine hydrochloride, C,,H,,.N,HCl, is prepared by 
dissolving the base in hydrochloric acid, and extracting the liquid 
with chloroform, which on evaporation deposits the salt as a friable, 
amorphous mass; it is very readily soluble in alcohol and water, 
crystallising slowly from the latter in colourless needles. It melts and 
effervesces at 270°, and becomes yellow on exposure to the air. 

0°1308 gave 0°0943 AgCl. Cl = 18-0. 

01203 ,, 0°0866 AgCl. Cl = 17°8. 

C,,H,,N,HCl requires Cl = 17°6 per cent. 

Methylcamphorimine hydriodide, C,,H,,.N,HI, is obtained from cam- 
phoroxime in the manner already described ; it is also produced when 
potassium iodide is added to an aqueous solution of methyleamphori- 
mine hydrochloride, separating from the liquid in lustrous needles; it 
is identical with the substance obtained by Tiemann on treating an 
ethereal solution of camphorimine with methylic iodide (Joc. cit.), and 
crystallises from water and alcohol in long, colourless, lustrous needles, 
which become yellow on exposure to air. It darkens above 200°, and 
melts with effervescence above 285°. The salt was analysed with the 
following results. 

0°2131 gave 0°3560 CO,, and 0:1387 H,O. C = 45°56; H = 7:23. 

0°1853 ,, 0°3082 CO,, and 0:1170 H,O. C = 45°36; H = 7°01. 

04626 ,, 17:2 ¢.c. moist nitrogen at 16° and 761 mm. N = 4°3. 

02583 ,, 0°2081 AgI. I = 43°50. 

02126 ,, O1712AgI. I = 43-48. 

C,,H,,N,HI requires C = 45-05 >; H=682; N=4°7 ; [= 43°34 per cent. 
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Methyleamphorimine platinochloride, (C,,H, N).,H,PtCl,, separates 
in woolly masses of pale yellow needles on adding aqueous platinum 
tetrachloride to the alcoholic hydrochloride; the crystals rapidly 
become transparent and orange-coloured. Recrystallised from absolute 
alcohol, it melts and effervesces at 219°5°. 


0:2542 gave 0°0665 Pt. Pt = 26°16. 

01895 ,, 0°0493 Pt. Pt = 26:02. 

01816 ,, 00475 Pt. Pt = 26°15. 

0°5130 ,, 17:9 c.c. of moist nitrogenat 15:5° and 769mm. N = 4°12. 
(C,,H,)N),.,H,PtCl, requires Pt = 26°28 ; N = 3°79 per cent. 


Methyleamphorimine methiodide, C,,H,,N,CH,I, rapidly separates 
from a mixture of the base with an equal weight of methylic iodide, 
until a solid mass of crystals is obtained ; the substance is precipitated 
in minute, lustrous leaflets on adding ether to the solution in chloro- 
form, whilst from benzene containing a very small proportion of 
absolute alcohol it crystallises in lustrous, square plates, and melts at 
231—232° without undergoing decomposition. 


03476 gave 0:2634 Ag]. I=40°92. 
0:2648 ,, 02015 Agl. I=41-09. 
C,,H,,.N,CH,I requires I = 41°36 per cent. 


The methiodide dissolves sparingly in hot benzene, and is insoluble 
in ether and petroleum, but dissolves very readily in methylic and 
ethylic alcohols and acetone, crystallising from the latter in stout 
needles. When crystallised from ethylic acetate, it yields lustrous, 
transparent leaflets, which effloresce in the desiccator. 

Methyleamphorimine picrate crystallises from absolute alcohol in 
slender, sulphur-yellow needles, and melts at 190°. The chromate 
crystallises from hot water in square, orange-coloured plates, and 
becomes purple when exposed to light. The mercurichloride is obtained 
on adding excess of mercuric chloride to an aqueous solution of the 
hydrochloride ; it is readily soluble in water, and separates in slender, 
white needles, melting at 126—128°. 

The substance dissolves readily in water, and on adding cold, dilute 
caustic soda to the solution, a precipitate of camphor immediately 


separates ; the same effect is produced by hot sodium carbonate. 
H, 
‘NBr.Me? is prepared by 
. 2 


treating a solution of the base in petroleum with one molecular 
proportion of bromine dissolved in the same medium, the colour of the 
halogen being immediately destroyed ; no hydrogen bromide is liberated, 
and the perbromide separates as a pale yellow, amorphous precipitate, 
which is collected, washed with petroleum, and dried in the desiccator. 


C 
Methylcamphorimine perbromide, C,H, ,< d 


SS. ££ oe 2 ak oe CO me 
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It does not dissolve readily in cold absolute alcohol, but, on warming, 
a red solution is obtained; when this is diluted, the perbromide sepa- 
rates in lustrous, reddish needles, and melts at 133—134°. 

The perbromide is insoluble in cold water, but very readily dis- 
solves in chloroform. When the substance is treated with boiling 
water, it gradually passes into solution, yielding methyleamphorimine 
hydrobromide, whilst cold, aqueous alkali also removes the bromine, 
and regenerates the base ; hot dilute hydrochloric acid eliminates 
bromine, and gives rise to methyleamphorimine hydrochloride. 


Concurrently with the examination of methylcamphorimine, atten- 
tion has been paid to the behaviour of camphoroxime towards oxidising 
agents, and although the experiments have not thrown any fresh light 
on the nature of the substance, the results are not altogether devoid 


of interest. 
Action of Nitric Acid on Camphoroxime. 


By heating camphoroxime for some time with nitric acid of sp. gr. = 1°38 
diluted with an equal volume of water, Koenigs obtained camphoric 
and isocamphoronic acids, along with a nitrogenous compound which 
is stated to melt at 215—218°, evolving red gas and hydrogen cyanide 
(Ber., 1893, 26, 2340) ; I find, however, that if a more dilute acid is 
employed, and the action is arrested after a few minutes, camphenyl- 
nitramine, C,,H,,N,O,, is obtained almost exclusively, along with about 
2 per cent. of a substance which crystallises from alcohol in six-sided 
plates, and melts, evolving red gas, at 222°, being probably identical 
with the compound mentioned by Koenigs (loc. cit.). 

Camphoroxime is dissolved in 10 parts of dilute nitric acid (sp. gr. 
= 1-42, mixed with five volumes of water), the liquid being warmed 
on the water bath in a reflux apparatus until a clear, colourless 
solution is obtained ; on heating it by means of a Bunsen flame, it is 
noticed that, as the temperature rises, the liquid gradually acquires a 
green tint, and then suddenly becomes turbid, owing to the separation 
of a green oil. At this stage, red nitrous fumes are liberated in 
small quantity, and a brisk action then sets up, continuing for some 
time without further application of heat. After about 20 minutes, 
when the oil—which is now colourless, and has a faint odour of cam- 
phor—becomes semi-solid if cooled, it is extracted with ether, the 
extract washed with dilute caustic soda until the alkaline washings 
are colourless, freed from mineral matter by repeated agitation with 
water, and finally dried with calcium chloride ; on evaporation, the 
solvent deposits a translucent, camphor-like mass, which is then sub- 
mitted to distillation in an atmosphere of steam. The solid distillate, 
which melts at 44°, gives Liebermann’s reaction, and dissolves readily 
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in alcoholic potash, ether precipitating the potassium derivative of 
camphenylnitramine from the liquid; on decomposing this potassium 
derivative with hydrochloric acid, and comparing the product with 
camphenylnitramine obtained by the action of nitrous acid on cam- 
phoroxime (Angeli and Rimini, Ber., 1895, 28, 1078 ; also Tiemann, 
ibid., 28, 1080, and 29, 2810), they were found to be identical. — 

Employing 50 grams of camphoroxime, 35 grams of camphenylni- 
tramine were obtained, and when this quantity of substance had been 
carried over by the steam, it was found that the distillate no longer 
fused in warm water, but remained as a solid deposit in the tube of 
the condenser, even during the passage of steam. The quantity of 
substance exhibiting this property, however, amounted to less than 
one gram, and consequently was not further investigated ; it gives 
Liebermann’s reaction, crystallises from alcohol in lustrous, six-sided 
plates, melting sharply at 222° with brisk evolution of red fumes, and 
differs from camphenylnitramine in its behaviour towards concentrated 
sulphuric acid, which does not liberate gas from the substance. 

Camphenylnitramine is also produced when nitrogen peroxide acts 
on camphoroxime. On dissolving 10 grams in chloroform, cooling the 
liquid by immersion in a mixture of ice and salt, and submitting it to 
a current of the gas obtained by heating lead nitrate, the solution 
assumed a green tint, and on evaporating the chloroform, a yellow oil 
was deposited ; the product was distilled in an atmosphere of steam, 
5'5 grams of camphenylnitramine being obtained. Scholl and Born have 
also studied the behaviour of camphoroxime towards nitrogen peroxide, 
and obtained camphorimine nitrate (Ber., 1895, 28, 1361), the product, 
that is, of the action of nitrous acid on camphoroxime. 

Assuming that camphenylnitramine has the structure 


(CH,),C en CH 
| | 
CH, CH —CH—C:NH'NO,, 
ascribed to it by Tiemann (Ber., 1896, 29, 2810), it is possible to 
explain the production of this substance by the action of nitrogen 
peroxide on camphoroxime in the following manner. 


This scheme depends on elimination of the elements of nitric acid 
from an intermediate additive compound of nitrogen peroxide and 


rapi 
liqui 
able 
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camphoroxime ; the action of dilute nitric acid, however, is less easy to 
follow, and considering the somewhat complex course which is prob- 
ably pursued, it would be unprofitable to discuss the change until it has 


been more closely investigated. 


Action of Potassium Permanganate on Camphoroxime. 


In the paper already quoted, Koenigs alludes to the production of ¢am- 
phoric and nitrous acids on oxidising camphoroxime with an alkaline 
solution of potassium permanganate ; a very different result has been 
obtained, however, by employing an acidified solution of the oxidising 
agent. 

Ten grams of recrystallised camphoroxime are dissolved in 200 c.c. 
of cold, dilute sulphuric acid, containing one part of the concentrated 
acid and seven parts of water ; the filtered liquid is cooled by immersion 
in crushed ice, and treated with a 3 per cent. solution of potassium 
permanganate in dilute sulphuric acid, which is cooled to about 0°, and 
added to the liquid in small quantities at a time. After the first few 
c.c. are decolorised, the colour becomes discharged immediately the 
oxidising agent is added, and this continues until a considerable 
quantity of the solution has been reduced ; during treatment with the 
agent, the liquid acquires a green tinge, and a bright green oil slowly 
separates, and solidifies to a sticky, opaque mass. The substance 
obtained in this manner does not admit of further purification, as it 
is excessively unstable. It has a somewhat pungent odour, and when 
exposed to the air, rapidly deliquesces, losing its bright tint, and 
becomes translucent and yellow, the product yielding camphor on dir- 
tillation with steam ; the green substance changes in the same way 
when left in the desiccator, and yields camphor immediately when 
heated with aqueous alkali, being insoluble in the cold agent. The 
camphor obtained in this manner was identified by conversion into 
the oxime, which melted at 118°, and did not depress the melting point 
of purified camphoroxime when mixed with it. 

The product of the action of an acidic solution of potassium per- 
manganate on camphoroxime has the properties of a very unstable 
nitroso-derivative. It is readily soluble in alcohol and acetic acid, 
yielding bright emerald green solutions, which rapidly become colour- 
less when boiled ; the solution in acetic acid also loses its bright green 
colour when treated with aniline dissolved in the same medium, pass- 
ing through olive green, and greenish-brown, to brownish-red. On 
adding a mixture of finely-powdered ice and zine dust to an ice-cold 
solution of the substance in glacial acetic acid, the green colour is 
rapidly destroyed, and on filtering off the zinc, and rendering the 
liquid alkaline with soda, a current of steam carries over a consider- 
able quantity of camphor, 

; P 2 
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The formation of a nitroso-derivative on oxidising camphoroxime is 
probably due to the double linking between carbon and nitrogen. It 
is conceivable that an intermediate compound arises from the initial 
action of the agent, and losing the elements of water, is converted into 
an unstable nitroso-derivative, as represented by the following scheme. 


C.H Ve 
ee 


Camphoroxime. Intermediate compound. Nitroso-derivative. 


Elimination of the elements of hyponitrous acid from a substance of 
this constitution would lead to the production of camphor. 

Oxidised camphoroxime gives Liebermann’s reaction ; when the alco- 
holic solution is boiled, the odour of aldehyde becomes perceptible, and 
the liquid exerts a vigorous reducing action on an ammoniacal solution 


of silver nitrate. 


Roya. CoLLecE or Science, Lonpon, 
Sourn KENSINGTON, 


XVI. Formation of Substituted Oxytriazoles from 
Phenylsemicarbazde. 


By Grorce Youn, Ph.D., and Henry ANNABLE, Firth College, Sheffield. 


C,H,’N°N 
Tue formation of diphenyloxytriazole, ° ° | C-OH, by the 
iets OH-UINe OO bY 
oxidation of an alcoholic mixture of phenylsemicarbazide and benzalde- 
hyde, according to the equation 
I. C,H,*N,H,*CO-NH, +C,H,CHO + O = (C,H,),C,N,° OH + 2H,O 

has already been described by one of us (Trans., 1895, 67, 1063). It 
was there shown that the action could be carried out in two stages: 
the first being the oxidation of phenylsemicarbazide to phenylazocar- 
bamide. 

Ila, C;H,-NH:NH:CO-NH, + 0=C,H,-N:N:CO-NH, + H,0, 
the second the condensation of phenylazocarbamide with benzaldehyde, 

11d. C,H,*N,° CO-NH, + C,H,*COH = (C,H, ).C,N,* OH + H,0. 


This last equation might itself represent two stages, if, before forma- 
tion of the molecule of water, direct addition of benzaldehyde to 
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phenylazocarbamide were to take place, an action which would prob- 
ably result in the formation of benzoylphenylsemicarbazide. 
III. C,H,-N:-N:CO:NH, C,H,"N-NH-CO-NH, 
+ C,H,-COH C,H,°CO 

Benzoylphenylsemicarbazide might also be formed in action I. with- 
out intermediate formation of phenylazocarbamide, if oxidation took 
place according to the scheme 

IV. C,H,;NH-NH-CO-NH, _ OH, 'N°-NH°CO-NH;, | oy 0 
+ C,H,-COH +0 C,H,-CO re 

The possibility of the formation of benzoylphenylsemicarbazide by 
either action ITI. or action 1V. was not overlooked, but it was thought 
improbable, in view of the fact that Widman (Ber., 1893, 26, 948) 
had prepared this substance by the action of benzoic chloride on 
phenylsemicarbazide, and had observed that it showed no inclination 
to undergo ring condensation, even under very varied conditions. 
Our attention has again been drawn to this subject by Widman’s 
recent paper (Ber., 1896, 29, 1946), in which it is shown that benzoyl- 
phenylsemicarbazide does condense to diphenyloxytriazole, and that 
with surprising ease, under the influence of warm, dilute alkalis. This 
seemed to make a reinvestigation of action I. and of action IId. advis- 
able, more especially cf the latter, as the product obtained by heating 
benzaldehyde with phenylazocarbamide had been purified by dissolving 
it in warm alkali and reprecipitating it by dilute sulphuric acid, a 
process which, as Widman’s results show, would lead to the condensa- 
tion of any benzoylphenylsemicarbazide which might be present in the 
product of the action. We have, therefore, repeated the experiments 
with benzaldehyde and phenylazocarbamide, omitting the purification 
by means of alkali, and we have made several experiments to determine 
whether benzoylphenylsemicarbazide, if formed in the course of action I. 
or of action IId., would be condensed to diphenyloxytriazole under the 
conditions of the action. 


Action of Benzaldehyde on Phenylazocarbamide. 


An alcoholic solution of benzaldehyde and phenylazocarbamide in 
molecular proportion was boiled for 5 minutes, similar experiments 
being made with the addition of ferrous chloride, and also of ferrous 
chloride and hydrochloric acid. In neither case was any trace of 
benzoylphenylsemicarbazide or of diphenyloxytriazole formed. The 
action was next tried in sealed tubes at 120°; the product, after being 
washed with cold alcohol and with ether and recrystallised from dilute 
alcohol, melted at 288—289°, Benzoylphenylsemicarbazide has been 
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observed by Michaelis and Schmidt (Ber., 1887, 20, 1713) to melt at 
202—203°, and by Widman (Ber., 1893, 26, 945) at 210—211°. The 
melting point of diphenyloxytriazole is given by Widman as 290° 
(Ber., 1896, 29, 1946), and we found it to be 288° '(/oc. cit.). As 
the treatment of the product with alkali was entirely omitted, there 
could here be no possibility that benzoylphenylsemicarbazide, if formed 
by the action, had been condensed during the process of purification. 
The same result was obtained whether the benzaldehyde and pheny]l- 
azocarbamide were heated alone, with the addition of alcohol, or with 
alcohol and ferrous chloride. The yield varied considerably, the best 
being obtained when ferrous chloride was present ; when the latter was 
omitted, phenylazocarbamide could be recovered from the alcoholic and 
ethereal washings. 


Benzoylphenylsemicarbazide. 


In order to determine whether benzoylphenylsemicarbazide would 
undergo condensation if formed in,the course of the actions under con- 
sideration, it was first necessary to prepare this compound. Of two 
alternative methods, namely, addition of cyanic acid to asymmetrical 
benzoylphenylhydrazine, first used by Michaelis and Schmidt (Coc. cit.), 
and Widman’s process, the action of benzoic chloride on phenylsemi- 
carbazide suspended in benzene, we decided to adopt the latter, and 


were considerably surprised to find that the product which we obtained 
melted at 202—203°, the melting point given by Michaelis and Schmidt, 
and not at 210—211°(Widman). Widman also gives 210—211° as the 
melting point of the product obtained by Michaelis and Schmidt’s 
method. As alternate fractional recrystallisations from alcohol and 
benzene failed to alter the melting point of any portion of the sub- 
stance, the experiment was repeated, using carefully purified phenyl- 
semicarbazide melting sharply at 171°, and the purest obtainable 
benzoic chloride. After boiling in a reflux apparatus until evolution 
of hydrogen chloride had ceased, the mixture was allowed to cool, and 
the crystalline product was recrystallised from 99 per cent. alcohol ; 
both before and after recrystallisation it melted at 202—203°. The 
decanted benzene also, on standing, deposited a further crop of 
crystals, which melted at 202—203°. 

02078 gave 29:0 c.c. moist nitrogen at 12°5° and 750'l mm. N=16°31. 

C;H,-N(CO-C,H,):NH:CO-NH, requires N = 16°47 per cent. 

In addition to the difference in the melting points, our preparation 
seemed to be considerably more soluble in benzene and in alcohol than 
Widman’s was. The only chemical action to be compared was the 
condensation by means of caustic potash to diphenyloxytriazole, and in 
regard to this point our experience agrees with Widman’s observations. 
The benzoylphenylsemicarbazide was dissolved in warm caustic potash, 
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and, on adding hydrochloric acid, a white, crystalline precipitate was 
formed which, after recrystallisation from alcohol, melted at 288—289°, 
and was undoubtedly diphenyloxytriazole. 

In view of these facts, it seems highly probable that there are two 
1-benzoyl-1-phenylsemicarbazides, both of which, according to the usually 
accepted constitution for the semicarbazides, would be represented by 


formula I. 
C,H,-N-NH:CO:NH, U C,H;"N-NH:C(OH).NH 
; 2 


 O.H,-CO ' ©,H,-CO 


It is quite possible that semicarbazides may contain the grouping 
- C(OH):NH, as in formula II. 

The isomerism under consideration could hardly be due to one 
isomeride having the constitution represented by I., and the other that 
represented by II., as, in such a pair, one isomeride would be readily 
converted into the other, which does not seem to be the case in this 
instance. A similar objection might be urged to the suggestion that 
both substances may have constitution II., and that the isomerides 
may be represented by “syn” and “anti” formule, similar to those 
by which the isomerism of the oximes is explained by the Hantzsch- 


Werner theory, thus : 
N'H H'N 


il and ll : 
U,H,*N(COC,H,)*NH*C:OH C,H,*-N(COC,H,)-NH:C-OH 


5 


A more probable explanation of the supposed isomerism may be 
founded on the fact that two of the nitrogen atoms are each attached 
to three different groups. The possibility of isomerism being produced 
by a difference in the arrangement of three different groups about a 
nitrogen atom has been recognised for some years (Hantzsch and 
Werner, Ber., 1890, 23, 20), but it is only recently that v. Miller and 
Plichl (Ber., 1896, 29, 1462) have succeeded in obtaining the first 
pair of isomerides in which the isomerism has been shown to be due to 
this cause. These authors have shown that the condensation of 
acetaldehyde and anisidine yields two products, both of which must be 
represented by the formula (©,H,(CH,),"N H- CH(CH,)-CH,° CHO. 
They point out that, as neither isomeride is optically active, the iso- 
merism cannot be due to the asymmetric carbon atom, and that for the 
same reason the three valencies of the nitrogen atom must be con- 
sidered to lie in the same plane. To account for the isomerism, the 
following two formule ave suggested. 


C H(CH;)CH,COH CH(CH;): CH,:COH 
N:C,H.(CH,), and NH 
H C,H,(CH,), 
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It is important to note that v. Miller and Pléchl find that these 
two isomerides cannot be readily, if at all, converted one into the 
other. 

If in the case of benzoylphenylsemicarbazide we have to deal with 
a similar case of isomerism, it seems probable that it is due to a differ- 
ence in the arrangement of the groups round that nitrogen atom to 
which benzoyl is attached, and the two isomerides might be repre- 
sented by the tentative formule 

NH-CO-NH, CO-0,H, 
N-CO-0,H, and N-NH-CO-NH,. 
C A: C,H, 

It might be interesting to note that the benzoylphenylsemicarbazide 
is not the only case in which Widman and Michaelis and Schmidt 
have observed different melting points for the same derivative of asym - 
benzoylphenylhydrazine. Benzylidenebenzoylphenylhydrazone, 

C,H,*N(COC,H,)-N:CH:C,H,, 
was observed by Widman (Ber., 1893, 26, 947) to melt at 115—116°, 
and by Michaelis and Schmidt (Joc. cit.) at 122°. Both specimens were 
prepared by the action of benzaldehyde on benzoylphenylhydrazine 
which melted at 69—70°. 

As such cases of isomerism are, not only interesting, but also of great 
theoretical value, we regret we are unable to pursue this investi- 
gation,* and hope that someone interested in this subject may be able 
to decide whether two isomeric benzoylphenylsemicarbazides exist, or 
at least as to the cause of the difference in the products obtained, on 
the one hand by Widman, and on the other by Michaelis and Schmidt 
and by us. 


Attempts to Condense Benzoylphenylsemicarbazide. 


Benzoylphenylsemicarbazide (1 mol.), dissolved in boiling alcohol, 
was boiled with ferrous chloride (2 mols.). The product consisted 
wholly of unaltered benzoylphenylsemicarbazide, melting at 202—203°. 
No trace of diphenyloxytriazole could be observed. The above ex- 
periment was repeated with the addition of hydrochloric acid, but 
the result was the same. 

The effect of heating the mixture under pressure at 130° for half 
an hour was next tried, but the benzoylphenylsemicarbazide was 
recovered unchanged. There was no diphenyloxytriazole formed. On 


* We have been compelled to cease our investigations into derivatives of phenyl- 
hydrazine, owing to one of us having become so extremely sensitive to these sub- 
stances that the merest trace of vapour or of substance in solution produces an acute 
attack of eczema on the exposed portions of the skin, 
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repeating the experiment with the addition of hydrochloric acid, how- 
ever, the cooled tube showed a high internal pressure, and neither 
benzoylphenylsemicarbazide nor diphenyloxytriazole could be found 
in the alcoholic solution. 

We are of opinion that these failures to condense benzoylphenyl- 
semicarbazide, along with the results of the investigation on the action 
of benzaldehyde on phenylazocarbamide, show that benzoylphenyl- 
semicarbazide is not formed by the oxidation of a mixture of phenyl- 
semicarbazide and benzaldehyde, or by the action of the latter on 
phenylazocarbamide. The equations Ila. and IId., given at the com- 
mencement of this paper, may be, therefore, taken as fairly represent- 
ing the course of the action by which diphenyloxytriazole is formed 
from benzaldehyde and phenylsemicarbazide. 

In order to obtain some idea as to the scope of this action, we have 
investigated the behaviour of a variety of aldehydes, and have ob- 
tained a series of oxytriazoles, which are described in the following 
pages. 

The aldehydes which have yielded oxytriazoles are: metanitro- 
benzaldehyde, paranitrobenzaldehyde, metatoluic aldehyde, terephthalic 
aldehyde, and cinnamic aldehyde. 

The following did not yield oxytriazoles: formaldehyde, acetalde- 
hyde, paraldehyde, isobutaldehyde. 

C,H," N-N. 


1-Phenyl-5-paranitrophenyloxytriazole, C-OH. 
’ ‘ NO,*O,H,-O:N> 
4 1 


This oxytriazole was prepared by the oxidation of an alcoholic solu- 
tion of phenylsemicarbazide and paranitrobenzaldehyde. The addition 
of water to the product precipitated a reddish-yellow substance, which, 
on treatment with warm ammonia, passed almost completely into solu- 
tion, leaving a red, tarry residue. On adding hydrochloric acid to this 
solution, a yellow, amorphous precipitate was obtained, which separated 
from 90 per cent. alcohol in the crystalline state. 

Dried at 100°, it gave figures agreeing with the formula 

NO,°C,,.H,C,N,°OH, 
which requires C= 59°57 ; H=3-54, and N=19-85 per cent. 


I. 01329 gave 0:2902 CO, and 0:0441 H,O. C=59°55 ; H=3-68, 
IL 0:2050 ,, 34:0 c.c. moist nitrogen at 14° and 768-°0mm. N=19-72. 


Paranitrodiphenyloxytriazole is insoluble in water, easily soluble 
in boiling alcohol, less so in cold alcohol, and only slightly in boiling 
ether and benzene. It is easily soluble in alkalis, and in warm alkali 
carbonate solutions, and these solutions do not reduce Fehling’s solu- 
tion, or silver nitrate, even on prolonged iboiling. No sharp melting point 
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could be observed, as, when heated in a capillary tube, the substance 
begins to darken at 250°, and melts and decomposes about 256—260°. 

The ammoniacal solution is deep red, but on boiling, the red colour 
gradually disappeared, and, at the same time, a crystalline film formed 
on the surface. When ammonia could no longer be detected in the 
steam, the liquid was filtered and the filtrate acidified, but there was 
no precipitation. The crystalline film melted at about 256—260°, 
and a nitrogen determination gave figures agreeing with the formula 
of the oxytriazole, C,,H,,.N,O,, or N=19°85 per cent. Found, N= 
20°13 per cent. 

The ammonium salt is, therefore, completely dissociated at the 
temperature of boiling water. The same result followed an attempt 
to prepare the ammonium salt by allowing a concentrated ammoniacal 
solution of the oxytriazole to evaporate spontaneously. The residue 
consisted of unchanged oxytriazole. 

Paranitrodiphenyloxytriazole is oxidised by boiling nitric acid to 
paranitrobenzoic acid, which was identified by its melting point, 
237—238°, and by a nitrogen determination. 

C.H,NO, requires N = 8°38 per cent. Found, N = 8:29 per cent. 

The silver salt of paranitrodiphenyloxytriazole, NO,C,,H,C,N,OAg + 
4H,0, is precipitated as a yellowish, crystalline powder on adding 
silver nitrate to the ammoniacal solution. It is easily soluble in 
excess of ammonia. When dry, it seems to be stable, but if exposed 
to light while moist, it rapidly turns red. The water of crystallisa- 
tion is given up at 110°. , 

0°6602 lost, at 110°, 0°0152 H,O = 2°30. 

C,,H,N,O,Ag+3H,0 requires H,O = 2°26. 
0°6452, dried at 110°, gave 0°2394 AgCl. Ag=27°93. 
C,,H,N,O,Ag requires Ag = 27°76 per cent. 


Ethylparanitrodiphenyloxytriazole, NO,* C,,H,*C,N,0°C,H,. 

The ethyl derivative, prepared by the action of ethylic iodide on the 
dried silver salt, crystallised from alcohol in long, thin, slightly 
yellow plates, which melted at 140° It is insoluble in water, 
slightly soluble in cold alcohol and ether, and easily in boiling alcohol 
and ether. The solution in benzene is precipitated by the addition of 
light petroleum. It is not attacked by boiling alkalis or by boiling 
concentrated acids. 

0:1732 gave 26°4 c.c, moist nitrogen at 12° and 758°9 mm. N= 18-06. 
C,,H,N,O,° C,H, requires N = 18-06 per cent. 


Acetylparanitrodiphenyloxytriazole, NO,* C,,H,*C,N,0°C,H,0. 
The acetyl derivat-ve, prepared by boiling the oxytriazole with 
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acetic anhydride and fused sodium acetate, was recrystallised from 
alcohol. It formed small, hard, fiat needles, having a slight yellow 
tinge and melting at 152°. It is easily soluble in glacial acetic acid, 
in cold ether, and in boiling alcohol. When boiled with potassium 
carbonate solution, or with dilute hydrochloric acid, it is rapidly 
hydrolysed. 


02000 gave 30:2 c.c. moist nitrogen at 12° and 722:.lmm. N=17°02. 
C,,H,N,0,°C,H,0 requires N = 17°28 per cent. 


Benzoylparanitrodiphenylowytriazole, NO,* C,,H C,N,0°C,H,0. 


The silver salt was warmed with benzoic chloride dissolved in ether, 
and the product recrystallised from alcohol. It formed yellowish- 
white, feathery plates, which melted at 153°. This derivative is 
insoluble in water, fairly soluble in boiling alcohol and ether, less so 
in cold alcohol and ether. It is easily soluble in benzene, and is pre- 
cipitated from the solution by the addition of light petroleum. It is 
slowly hydrolysed by boiling potassium carbonate solution, and more 
rapidly by boiling dilute hydrochloric acid. 


0:2193 gave 27:1 c.c. moist nitrogen at 15°5°and 759'1mm: N=14-42. 
C,,H,N,0,°C,;H,O requires N = 14°50 per cent. 


Reduction of Paranitrodiphenyloxytriazole. 


Paranitrodiphenyloxytriazole was added in small quantities at a time 
to a warm mixture of stannous chloride and concentrated hydrochloric 
acid. After dilution, the tin was removed as sulphide, the filtrate 
concentrated, and the new base precipitated by the addition of am- 
monium acetate. Further purification was effected by dissolving it in 
dilute, warm ammonia, precipitating by acetic acid, dissolving again in 
warm glacial acetic acid, and precipitating by water. 


0°1576 gave 0-3845 CO, and 0:0681 H,O. C=66:53; H=4:80. 

02155 ,, 42-0c.c. moist nitrogen at 15 5° and 748-9 mm. N= 22-43. 

NH,°C,,H,C,N,*OH requires C = 66:66 ; H=4°76 ; N = 22°22 per cent. 
O,H,"N-N 


Paramidodiphenyloxytriazole, i _SC-OH, forms delicate, 
NH,.C,H,°C:N 
4 1 


white needles, which remained unchanged when heated to 290°. It is 
easily soluble in dilute mineral acids and in warm glacial acetic acid ; 
from its solution in the latter, it is precipitated unchanged on the 
addition of water. It is easily soluble in dilute alkalis and in warm 
potassium carbonate solution, from which it is precipitated by dilute 
acetic acid, The alkaline solutions do not reduce Fehling’s solution, 
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It is only slightly soluble in boiling alcohol, almost insoluble in. ether 
and benzene. 

The ammoniacal solution, when warmed, became rapidly covered with 
a film of slender needles, whichanitrogen determination showed to be the 
free amidodiphenyloxytriazole. Found N = 22°44 per cent., C,,H,,.N,O 
requiring N = 22°22 per cent. 

When paramidodiphenyloxytriazole is dissolved in a small quantity 
of warm, concentrated hydrochloric acid, the hydrochloride crystallises 
out in long needles as the solution cools. These crystals, if air-dried 
on a porous plate, contain 3H,0; when dried in a vacuum over sul- 
phuric acid, or if heated to 90°, the water of crystallisation is given 
up, and if the temperature be raised, hydrochloric acid is also lost, 
dissociation being complete at 110°. The residue, dissolved in nitric 
acid, gave no precipitate with silver nitrate. 


0°6128lost,at 90°, 0:0980, andat 110°, 0°1641. H,O= 15°97; HC1= 10°80. 
0°8596 of the dried salt gave 0°4194 AgCl. HCl=12°41. 
1:0223 lost over sulphuric acid 0°1627. H,O=15-92. 
C,,H,,.N,0,HCl+3H,0 requires H,O= 15°76 ; HCl= 10°66 per cent. 
C,,H,,N,0,HCl requires HCl= 12°66 per cent. 


The silver salt, NH,*C,,H,*C,N,OAg+H,0, is precipitated as a 
white, amorphous powder on adding silver nitrate to an ammoniacal solu- 
tion of amidodiphenyloxytriazole. It is easily soluble in excess of 
ammonia and in nitric acid. After being dried over sulphuric acid, it 
appears to be quite stable, but if exposed to light while moist it rapidly 
turns red. Analysis gave the following figures agreeing with the 
above formula. 

1:5092 lost, at 110°, 0:0732 and then gave 0°5748 AgCl. H,O = 4°85 ; 
Ag = 30°34. 

C,,H,,N,OAg+H,0 requires H,O=4°77 per cent. C,,H,,N,OAg 

requires Ag= 30°08 per cent. 


Diacetylparamidodiphenyloaytriazole, 
Soe NAS 0-0-0,H,0 
C,H,0°NH:©,H,° é:x> — 
4 1 


The diacetyl derivative, formed when amidodiphenyloxytriazole is 
boiled with acetic anhydride and fused sodium acetate, is easily soluble 
in glacial acetic acid, ether, and boiling alcohol ; recrystallised from 80 
per cent. alcohol, it forms a white, crystalline powder which melts at 
215°, 
0°2148 gave 31°4 c.c. moist nitrogen at 12° and 739'°8 mm. N=16°88, 

C,,H,)N,O-(C,H,0), requires N = 16°66 per cert, 


rn > oe. ae a 


oS @& 
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The diacetylamidodiphenyloxytriazole is insoluble in cold, dilute 
acids and alkalis, but when boiled with potassium carbonate solution, 
it gradually passes into solution; on adding hydrochloric acid, the 
monacetyl derivative is precipitated. The same partial hydrolysis is 
effected by boiling with dilute hydrochloric acid. 

Monacetylparamidodiphenyloxytriazole, 

C,H,"N-N 


C,H,0-NH:C,H,: C:N 
a 1 


is easily soluble in alkalis, alcohol, and ether. It is insoluble in 
dilute acids. It crystallises from alcohol in white, hair-like needles, 
which melt at 278°. The same monacetyl derivative is formed when 
the amidodiphenyloxytriazole is warmed with acetyl chloride. 


S-OH, 


0:1987 gave 32°9 c.c. moist nitrogen at 15° and 745-4 mm. N=19°01. 
C,H,0°C,,H,,N,O requires N = 19 04 per cent. 


When the monacetyl derivative is boiled with concentrated hydro- 
chloric acid, it gradually becomes dissolved, and addition of dilute 
ammonium acetate solution precipitates p-amidodiphenyloxytriazole, as 
shown by the high melting point (over 290°) and by a nitrogen 
determination. 


01846 gave 35:8 c.c. moist nitrogen at 16°5°and 750'l mm. N= 22°25 
C,,H,,.N,O requires N = 22°22 per cent. 


ooo TS c-0H 
NO," C,H,°C ‘NO ; 
3 1 


1-Phenyl-5-metanitrophenyloxytriazole, 
This oxytriazole was prepared by the oxidation of an alcoholic solu- 
tion of phenylsemicarbazide and metanitrobenzaldehyde. As in the 
case of the paranitro-derivative, treatment of the product with am- 
monia left a small amount of a red, tarry matier undissolved ; on 
acidifying the ammoniacal solution, a yellowish, crystalline precipi- 
tate was formed. This was dissolved in boiling benzene, and as the 
solution cooled, metanitrodiphenyloxytriazole crystallised out in 
yellowish, microscopic plates, which melted at about 275—278°. The 
melting point could not be observed sharply, as considerable decompo- 
sition takes place before it is reached. 


ood 


0°1655 gave 0°3608 CO, and 0:0554 H,O°C = 59°45; H=3-71. 
01608 ,, 27:4 ¢.c. moist nitrogen at 15° and 753°3 mm. N=19-75. 
C,,H),N,O, requires C= 59°57 ; H=3-54 ; N=19-85 per cent. 
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Phenylmetanitrophenyloxytriazole is very slightly soluble in water, 
more so in boiling alcohol, ether, benzene, and glacial acetic acid. It 
is easily soluble in dilute alkalis and in warm, dilute alkali carbonate 
solutions. It dissolves in warm, concentrated hydrochloric acid and is 
precipitated unchanged on the addition of water ; it is not attacked by 
prolonged boiling with concentrated hydrochloric acid or alkalis, and 
the alkaline solution does not reduce Fehling’s solution or silver 
nitrate. As the aqueous filtrates from metanitrodiphenyloxytriazole 
were found to be always more or less coloured, the solubility in water 
was determined by boiling an excess of the substance with distilled 
water and filtering through a hot filter. It was found that 100 c.c. 
of water measured at 15° dissolved, when boiling, only 0°0343 gram of 
metanitrodiphenyloxytriazole. 

This oxytriazole is very easily soluble in warm, dilute ammonia, 
forming a somewhat opaque, deep, reddish-yellow solution. The am- 
monium salt is very easily dissociated, nitrodiphenyloxytriazole 
separating out in crystalline scales when the solution is kept warm. 
These melted at 270—276°, and on analysis gave N= 19°88 per cent., 
C,,H,,N,0, requiring N = 19°85 per cent. 

Metanitrodiphenyloxytriazole, when boiled with dilute nitric acid, is 
oxidised to metanitrobenzoic acid, which was recognised by its melt- 
ing point, and by a nitrogen determimation. Found, N =8°31 per cent., 
NO,:C,H,* COOH requiring N = 8°38 per cent. 

The silver derivative, NO,*C,,H,’C,N,-OAg + $H,O was thrown 
down as a white, amorphous precipitate on adding silver nitrate to an 
ammoniacal solution of the oxytriazole. It is easily soluble in excess 
of ammonia ; when dry, it seems to be stable, but in the moist condition 
it rapidly becomes red on exposure to light. The air-dried substance, 
when heated to 100—110°, lost weight equivalent to $H,0O. 


0°3288 at 110° lost 0°0082 H,O = 2°49, 
05720, dried at 110°, gave 0:2113 AgCl. Ag= 27°80. 
NO,°C,,H,C,N,°OAg+4H,O requires }H,O = 2°26 per cent. 
NO,’ C,,H,C,N,°OAg requires Ag = 27°76 per cent. 


Ethylmetanitrodiphenyloxytriazole, NO,* C,,H,-C,N,O°C,H,. 

This derivative was prepared by the action of an ethereal solution of 
ethylic iodide on the dried silver salt. On evaporating the ethereal solu- 
tion, a mass of yellowish, silky needles was deposited. These needles 
melted at 98°, and after repeatedly recrystallising from dilute alcohol, 
were obtained as small, yellow, prismatic crystals, melting at 98°. 

02105 gave 32°8 c.c. moist nitrogen at 16° and 761°9mm. N=18-23. 

NO,°C,,H,:C,N,0°C,H, requires N = 18-06 per cent. 


Ethylmetanitrodiphenyloxytriazole is insoluble in water, easily 
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soluble in alcohol and ether. It is not acted on by boiling acids or 
alkalis. 


Acetylmetanitrodiphenyloxytriazole, NO,*C,,H)-C,N,0°C,H,0. 


Prepared in the same way as acetylparanitrodiphenyloxytriazole , 
it is left in clusters of small needles on evaporating the ethereal 
solution. It melts at 116°, and is moderately soluble in cold ether, 
easily in boiling ether, glacial acetic acid, or ethylic acetate. 


0:2173 gave 33:2 c.c. moist nitrogen at 12° and 720'1 mm. N=17'17. 
NO,C,,H,*C,N,0°C,H,O requires N = 17°28 per cent. 


The acetyl derivative is rapidly hydrolysed when boiled with potas- 
sium carbonate solution or with dilute hydrochloric acid, giving meta- 
nitrodiphenyloxytriazole, melting at 275— 277°. 

Benzoylmetanitrodiphenyloxytriazole, NO,*C,,H,-C,N,0°C,H,O, was 
prepared by warming the dried silver salt, suspended in dry ether, with 
a slight excess of benzoic chloride. The ethereal solution, after wash- 
ing with potassium carbonate, was dried and evaporated ; the yellow 
crystals thus obtained melted at 148°. It is fairly soluble in warm 
ether and in boiling alcohol. 


0:1616 gave 21:1 ¢.c. moist nitrogen at 19°5° and 758°2 mm. N =14°93. 
NO,C,,H,*C,N,0°C,H,O requires N = 14°50 per cent. 


Reduction of Metanitrodiphenyloxytriazole. 


The reduction was effected with iron filings and concentrated hydro- 
chloric acid, and on the completion of the reaction, water was added and 
the excess of hydrochloric acid removed by a current of steam. When 
the solution had cooled down, ammonium acetate was added to precipi- 
tate the new base, which was purified by dissolving it in ammonia and 
reprecipitating by dilute acetic acid. 

01571 gave 0°3835 CO, and 0:0688 H,O-C = 66°57-H = 487. 
02004 ,, 38°4c¢.c. moist nitrogen at 13°5° and 752:2 mm. 
’ C,,H,.N,O requires C = 66°66 ; H= 4:76 ; N= 22:22 per 


C,H,'N “N ™ , 

C: ises 

NH,*C,H,' b—x> OH, crystallises 
3 1 

in needles melting at 278°. It is easily soluble in dilute hydrochloric 

acid and in glacial acetic acid, and is precipitated from the latter solu- 

tion on adding water. It is easily soluble in dilute alkalis and in 

warm potassium carbonate solution, and is reprecipitated by acetic 

acid. It is slightly soluble in boiling alcohol, but insoluble in ether 

and benzene. The ammoniacal solution has a deep red colour which 


Metamidodiphenyloxytriazole, 
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disappears on boiling, the free oxytriazole separating as a crystalline 
film melting at 278°; on analysis, it gave N = 22°37,C,,H,,.N,O requiring 
N = 22°22 per cent. 

When metamidodiphenyloxytriazole i is dissolved in a small quantity 
of warm, concentrated hydrochloric acid, the hydrochloride, 

NH, C,,H,:C,N,*OH,HC1 + 3H,0, 

crystallises out in brownish needles as the solution cools. The air- 
dried crystals contain 3H,O, which are given up at 110°, or when the 
salt is dried in a vacuum over sulphuric acid. This hydrochloride 
differs from the corresponding salt of paramidodiphenyloxytriazole in 
that at 110° dissociation into the free base and hydrochloric acid does 
not take place. 
0°9898 lost, at 110°, 0°1565 H,O= 15°82. 
08333, dried at 110°, gave 0°4084 AgCl. HCl=12°47. 
0°9144, dried over sulphuric acid, gave 0°4415 AgCl. HCl=12°31. 
NH,°C,,H,:C,N,* OH,HCl1 + 3H,O requires 3H,O = 15°76 per cent. 
NH,°C,,H,:C,N,*OH,HCl requires HCl = 12°66 per cent. 


= The silver salt, NH,°C,,H,:C,N,OAg + H,0, is a white, amorphous 
powder, which rapidly turns red if exposed to the light while moist, 
but seems to be stable when dry. It is easily soluble in ammonia and 
in nitric acid. It loses its water of crystallisation at 100—110°. 


16583 lost, at 110°, 0:0799 H,O= 4°83. 

1:5794, dried at 110°, gave 0°6311 Ag Cl. Ag=30-07. 
NH,’ C,,H,:C,N,OAg + H,O requires H,O=4°77 per cent. 
NH,: C,,H,:C,N,OAg requires Ag = 30°08 per cent. 


Diacetylmetamidodiphenyloxytriazole, 
C,H,O-NH- C,,H,:C,N,0°C,H,0. 

The diacetyl derivative was prepared by boiling the oxytriazole 
with acetic anhydride and fused sodium acetate. The oil left on 
evaporating the ethereal solution was dissolved in boiling alcohol, and 
water added, when a white, crystalline powder was precipitated which, 
after recrystallisation from dilute alcohol, formed small, white needles 
melting at 117°. 

0:3678 gave 53°3 c.c. moist nitrogen at 17°, and 759°5 mm. N= 16°82. 
©, .H,,N,O, requires N = 16°66. 

This diacetyl derivative is easily soluble in ether and alcohol. Itis 
insoluble in cold, dilute alkalis and acids, but when boiled with dilute 
potassium carbonate solution it is rapidly converted into the mon- 
acetyl derivative ; the same change also takes place when the diacetyl! 


derivative is boiled with dilute hydrochloric acid. 
Monacetylmetamidodiphenyloxytriazole, C,H,O*NH-C,,H,:C,N,°OH, 
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is deposited from dilute alcohol as a white, crystalline powder which 
melts at 294°. The same monacetyl derivative may be formed by 
warming amidodiphenyloxytriazole with acetic chloride. 


01682 gave 28:0 c.c. moist nitrogen at 18°, and 761°9 mm. N=19°27. 
C,,H,,N,0, requires N = 19-04 per cent. 


The monacetyl derivative is easily soluble in alkalis, in warm 
potassium carbonate solution, in alcohol, and in ether. It is insoluble 
in dilute acids, but when boiled with concentrated hydrochloric acid 
the remaining acetyl group is removed, and on then adding ammonium 
acetate the free amidodiphenyloxytriazole is precipitated. It was recog- 
nised by its melting point, 278°, and a nitrogen determination. Found, 
N = 22:29 per cent., C,,H,.N,O requiring N = 22°22 per cent. 


' a 15 1 1 ° J C,H,"N-N 
; -5-metatolyloaytriazole, 
Lenyl-5-metatolyloxytriazole CH,°C,H,: C:N 
3 1 


S0:OH. 


Phenylmetatolyloxytriazole was prepared by the oxidation of an 
alcoholic solution of phenylsemicarbazide and metatoluic aldehyde. Ten 
grams of phenylsemicarbazide yielded over 9 grams of phenyltolyl- 
oxytriazole. The crude product was purified by dissolving it in 
ammonia and reprecipitating by sulphuric acid. It crystallised from 
alcohol in white, microscopic plates which melted sharply at 256°. 


0'1624 gave 0°4268 CO, and 0:0767 H,O. C=71°69; H=5°25, 
02219 ,, 32°4c¢.c. moist nitrogen at 15° and 749-1 mm. N = 16°85. 
C,,H,,N,0 requires C= 71°71 ; H=5'17 ; N=16°73 per cent. 


Phenylmetatolyloxytriazole is sparingly soluble in boiling alcohol, 
ether, and benzene, and almost insoluble in boiling water and in light 
petroleum. It is easily soluble in alkalis, and in a boiling, dilute 
solution of potassium carbonate, from which it is reprecipitated by 
acetic acid. The alkaline solutions do not reduce Fehling’s solution or 
silver nitrate, even on prolonged boiling. The ammoniacal;solution is 
reddish-brown, but when boiled, it gradually becomes colourless, the 
oxytriazole at the same time being precipitated. 

The addition of silver nitrate to the ammoniacal solution precipitates 
the silver salt of phenyltolyloxytriazole as a white, amorphous powder. 
It is easily soluble in excess of ammonia, and separates from a warm, 
dilute ammoniacal solution, on cooling, in small, shining crystals. It 
becomes red when exposed to light while still moist, but seems quite 
stable when dry. Dried in a vacuum over sulphuric acid, it contains 
1H,0, which is given up at 100—110°. 
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0°7433 lost, at 110°, 0°0360 H,O= 4°85. 
0°7073, dried at 110°, gave 0°2843 AgCl. Ag=30°25. 
C,,H,.:C,N,0Ag + H,O requires H,O = 4°78 per cent. C,,H),:C,N,OAg 
requires Ag = 30°16 per cent. 


Ethylphenylmetatolyloxytriazole, C,,H,,:C,N,0°C,H;. 

The ethyl derivative was prepared from the silver salt by the action 
of ethylic iodide. On evaporating the ethereal solution, an oil was left 
which was dissolved in warm, light petroleum; on evaporating this 
solution, the ethyl derivative crystallised in clusters of plates which 
melted at 59°. Itis easily soluble in alcohol, ether, benzene, and light 
petroleum, and separates from most of these solutions as an oil which 
solidifies on standing. It is not attacked by boiling acids or alkalis. 


02086 gave 28:2 c.c. moist nitrogen at 14° and 736°6 mm. N=15-40. 
C,,H,,°C,N,O0°C,H, requires N = 15°05 per cent. 


Acetylphenylmetatolyloxytriazole, C,,H,.:C,N,0°C,H,0. 

The acetyl derivative is formed on boiling the oxytriazole with acetic 
anhydride and fused sodium acetate ; the product was then neutralised 
with potassium carbonate and extracted with benzene. The brown oil 
left on distilling off the benzene was treated with small quantities of 
warm, light petroleum ; on cooling, a small quantity of oil was first de- 
posited and then white, crystalline nodules which melted at 65—68°. On 
recrystallisation from dilute alcohol, the acetyl derivative separated as 
an oil, which gradually solidified to white crystals melting at 69:5—70°. 
After repeated recrystallisation, the melting point remained constant 
at 70°. 
0°2328 gave 29:2 c.c. moist nitrogen at 14° and 742°7 mm. N=14-41. 

C,,H,,:C,N,0°C,H,O requires N = 14:33 per cent. 


The acetyl derivative is insoluble in water, easily soluble in alcohol, 
ether, and benzene, and in warm, light petroleum. It is easily hydro- 
lysed by boiling potassium carbonate solution, or by boiling dilute 
hydrochloric acid, yielding phenyltolyloxytriazole melting at 256°. 


Benzoylphenylmetatolyloxytriazole, C,,H,,.:C,N,0°C,H,0. 

The benzoyl derivative, prepared by the action of benzoic chloride 
on the silver salt suspended in dry ether, crystallised from alcohol in 
clusters of small, white needles which melted at 117°. It is easily 
soluble in warm alcohol and ether, moderately so in benzene, insoluble 
in light petroleum and in water. 


0'2477 gave 26°1 c.c. moist nitrogen at 14° and 755°6 mm. N =12°32. 
C,;H,,.C,N,C,H,0 requires N = 12:38 per cent. 
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The benzoyl derivative is hydrolysed by boiling alkalis and acids, 
more slowly by boiling potassium carbonate solution, yielding pheny]l- 
metatolyloxytriazole melting at 256°. 


C,H,-N-N. 


Ne 
65 
! 


1-Phenyl-5-styrenyloxytriazole,* SC:OH. 


C,H,;-CH:CH:°C:N 

This oxytriazole was prepared by the oxidation of an alcoholic 
solution of ‘phenylsemicarbazide and cinnamaldehyde. After removal 
of the alcohol by a current of steam, a yellowish, crystalline film 
separated, which was dissolved in dilute ammonia, filtered, and repre- 
cipitated by hydrochloric acid. The product, after several recrystalli- 
sations from alcohol, formed yellowish, shining leaves, which melted 
at 284°. 


0°1404 gave 0°3750 CO, and 0:0659 H,O. C=72°84; H=5-21. 
0°2053 ,, 28°5 c.c. moist nitrogen at 15°5°and 750°7mm. N=16-02. 
C,,H,,N,0 requires C= 73°00; H=4:94 ; N=15-96 per cent. 


Phenylstyrenyloxytriazole is only sparingly soluble in hot alcohol, 
and almost insoluble in ether, benzene, and water. It is easily soluble 
in alkalis and in warm potassium carbonate solution, from which it is 
reprecipitated by acetic acid. The ammoniacal solution is slightly fluo- 
rescent, but, on boiling, the fluorescence gradually disappears and at 
the same time the oxytriazole separates as a crystalline film. The 
alkaline solutions do not reduce either Fehling’s solution or silver 
nitrate. After repeated recrystallisation from alcohol and from 
glacial acetic acid, the substance was odourless, remained slightly 
yellow, and melted constantly at 284°. Fractional recrystallisation, as 
also conversion into the acetyl- and the benzoyl-derivatives with 
subsequent hydrolysis failed to raise the melting point above 284°. 
This was particularly noted, as Widman, who has also recently (Ber., 
1896, 29, 1946) prepared phenylstyrenyloxytriazole by the action of 
caustic potash on cinnamylphenylsemicarbazide, observed that it melted 
at 287°. In other respects, the properties of our product agree with 
those described by Widman. 

The silver salt, C,,H,,:C,N,OAg + 1$H,0, is precipitated as a yel- 
lowish, amorphous powder on adding silver nitrate to a cold, dilute 
ammoniacal solution of phenylstyrenyloxytriazole. If the precipitation 
be carried out in a warm solution, or in one containing too great an 
excess of ammonia, the silver salt separates as a dark, tarry mass, 
which gradually changes to a yellowish powder when shaken with 
large quantities of water. Analysis gave figures agreeing with the 
above formula, the water being given off at 110°. 

“ “Styrenyl” is the term suggested by Widman (Ber., 1896, 29, 1946) for the 
unsaturated univalent radicle C,H,*CH: CH-. 

Q 2 
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0°6573 lost, at 110°, 00430 H,O=6°54. 
0:5887, dried at 110°, gave 0°2300 AgCl. Ag=29-40. 
C,,H,,:C,N,0OAg + 1$H,0O requires H,O = 6°80 per cent. ; 
C,,H,,:C,N,OAg requires Ag = 29°19 per cent. 


Ethylphenylstyrenyloxytriazole, C,,H,,:C,N,0°C,H;. 


The ethyl derivative, prepared by the action of ethylic iodide on the 
dried silver salt, crystallises from 80 per cent. alcohol in clusters of 
white needles melting at 89—90°. It is fairly soluble in ether, 
alcohol, and benzene, slightly so in light petroleum. 


02635 gave 31°4c.c. moist nitrogen at 13° and 769°3 mm. N=14:26. 
C,,H,,:C,N,O°C,H, requires N = 14°44 per cent. 


When boiled with alkalis, the ethyl derivative is converted into an 
oil, which, on treatment with benzene, again becomes crystalline and 
melts at 89—90°; the same effect is produced by long boiling with 
concentrated hydrochloric acid. 

The acetyl derivative was prepared by the action of acetic chloride 
on the dry silver salt and also by boiling the oxytriazole with acetic 
anhydride and sodium acetate; both methods yielded an oily sub- 
stance which could not be properly purified. It was easily soluble in 
the various organic solvents, but on cooling or on evaporation of the 
solution, the substance separated as an oil; it was, therefore, not 
analysed. It dissolved when boiled with dilute potassium carbonate 
solution, and on acidification phenylstyrenyloxytriazole melting at 
283—284° separated. 


Benzoylphenylstyrenyloxytriazole, C,,H,.:C,N,0°C,H,0. 


The benzoyl derivative, prepared by boiling the dry silver salt with 
an ethereal solution of benzoic chloride, crystallised from alcohol in 
round tufts of small, yellowish needles melting at 125°. From 
benzene, it crystallised in brilliant, yellow, silky needles. It is easily 
soluble in warm benzene, ether, and alcohol. 


0:2349 gave 23°1 c.c. moist nitrogen at 14° and 749°5 mm. N=11‘4l. 
C,,H,.:C,N,0°C,H,O requires N = 11°44 per cent. 


Hydrolysis takes place slowly when the benzoyl derivative is boiled 
with potassium carbonate solution, more quickly by the action of 
boiling acids and alkalis. The regenerated phenylstyrenyloxytriazole 
melted at 283°—284°. 


OXYTRIAZOLES FROM PHENYLSEMICARBAZIDE, 217 


Paraphenylenediphenyloxytriazole, 


This oxytriazole was prepared by the oxidation of an alcoholic solu- 
tion of phenylsemicarbazide (2 mols.) and terephthalic aldehyde (1 mol.) 
(melting point 116°). The product was washed with warm alcohol, and 
dissolved in dilute ammonia; on standing, the solution gradually de- 
posited the phenylenediphenyloxytriazole in white, crystalline nodules, 
which remained unchanged when heated to over 340°. 


0:1563 gave 0°3802 CO, and 0°0590 H,O. C=66:34; H=4:19. 
01283 ,, 23°5c.c. moist nitrogen at 12° and 747°7 mm. N=21°'38. 
C,,.H,,N,0, requires C= 66°66; H=404; N=21-21 per cent. 


The substance seems to be quite insoluble in water, alcohol, ether, 
and benzene. It is, however, easily soluble in alkalis; when its 
solution in dilute ammonia was allowed to stand, it was reprecipitated 
in yellowish, minute crystals. On adding silver nitrate to the ammo- 
niacal solution, the silver salt was precipitated ; this, when heated at 
110°, lost weight equivalent to about ?H,O. 


0°7773 lost, at 110°, 0:0160 H,O =2:°05. 
0°7613 gave 0°3590 AgCl. Ag. =35°49. 
C,.H,,N,0,Ag, + #H,O requires }H,O= 2°16 per. cent. C,,H,,N,0,Ag, 
requires Ag, = 35°40 per cent. 


The acetyl derivative, prepared by boiling the oxytriazole with acetic 
anhydride and fused sodium acetate, crystallised from alcohol in 
clusters of white, delicate needles, which melted at 208—210°. It was 
easily soluble in alcohol, ether, and benzene. No analysis was made, 
as we had not sufficient of the substance at our disposal. 

When boiled with potassium carbonate solution, the acetyl deriva- 
tive rapidly passed into solution, and the addition of hydrochloric acid 
precipitated the high melting phenylenediphenyloxytriazole. 

Having shown, as described in the foregoing pages, that the forma- 
tion of an oxytriazole by the oxidation of a mixture of phenylsemicar- 
bazide and an aldehyde is a general action for aromatic and fatty 
aromatic aldehydes, we next turned our attention to the purely fatty 
aldehydes. Those which we have tried are formaldehyde, acetalde- 
hyde, paraldehyde, and isobutaldehyde. Alcoholic mixtures of these 
aldehydes with phenylsemicarbazide have been subjected to the action 
of various oxidising agents, both in open and in closed vessels, at 
temperatures varying from that of the atmosphere to 150°, and 
for varying lengths of time, but in no instance have we been able 
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to isolate an oxytriazole as a product of the action. We have met 
with no better success in our endeavours to condense these aldehydes 
with phenylazocarbamide. In as far as our experience goes, therefore, 
the action does not seem to be capable of extension to the purely fatty 
aldehydes, 


XVII.— Researches in the Stilbene Series. I. 
By Joun J. Supsoroven, Ph.D., D.Sc. 


By the action of phosphorus pentachloride on deoxybenzoin, 
C,H,° CH, CO-C,H., 

Zinin obtained an oily chlorostilbene, which he describes as being 
unstable and as yielding tolane, C,H,°C:iC-C,H,, on distillation 
(Annalen, 1869, 149, 375). Some few years ago, I showed (Ber., 
1892, 25, 2237) that, when deoxybenzoin is heated with phos- 
phorus pentachloride, and the product is distilled, a solid chloro- 
stilbene, melting at 54°, is obtained differing materially from the 
oily compound described by Zinin. It was, however, found possible 
to obtain an oily compound by the action of the pentachloride in 
the cold, and decomposing the phosphorus oxychloride by pouring 
the product on to ice. This oily compound differs somewhat from 
that described by Zinin, in that it does not yield tolane on dis- 
tillation, but is converted, more or less completely, into solid chloro- 
stilbene. Whether a liquid or solid chlorostilbene is formed by the 
action of phosphorus pentachloride on deoxybenzoin, appears to 
depend largely on the temperature at which the action takes place. 
Thus, when working at as low a temperature as possible, and then 
decomposing the phosphorus oxychloride with ice, an oily product is 
obtained which does not solidify when cooled to—15°. If, however, 
the pentachloride and deoxybenzoin are heated together for half-an- 
hour on the water bath, and the product is then poured into water, 
extracted with ether, and the ethereal solution well shaken with 
sodium hydroxide solution, the oil left on evaporating the ether 
becomes partially solid when cooled in a freezing mixture. The 
solid, rapidly separated and recrystallised from alcohol, melts at 
54°. Either of the two above-mentioned oils, when distilled under 
atmospheric, or even under diminished, pressure, is converted into 
solid chlorostilbene (m. p. 54°). 

Methyl- and ethyl-deoxybenzoin, when heated with phosphorus 
pentachloride, can also be made to yield oily stilbene derivatives, 
which, on distillation, are partially converted into solid methyl- and 
ethyl-chlorostilbenes. 

Whether the oily substances are merely slightly impure forms of 
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the solid compounds, or whether they are stereo-isomeric forms, has, 
up to the present, not been definitely decided. This question I hope 
to deal with in a future communication, when the oily compounds 
have been subjected toa more complete investigation. The present 
paper contains an account of the solid compounds, chlorostilbene, 
methylchlorostilbene, and ethylchlorostilbene, and of certain deriva- 
tives which have been obtained from them. 


Preparation of Deoxybenzoin. 

For the preparation of these stilbene derivatives, it has been neces- 
sary to obtain large quantities of deoxybenzoin. When the research 
was first started, some four years.ago, the best method for obtaining 
deoxybenzoin was that recommended by v. Meyer and Oelkers (Ber., 
1888, 21, 1295) ; both this method, and also those described by Wachter 
(Ber., 1892, 25, 1727) and by Knoevenagel and Weisgerber (Ber., 1893, 
26, 441), have been tried. The simplest process, however, seems to be 
to treat benzoin (1 part) with zinc dust (1 part) and glacial acetic acid 
(6 parts); in order to prevent caking, the zine dust is added, while 
the mixture of benzoin and acetic acid is kept well stirred ; the whole 
is then heated on the water bath for about 15—20 hours, or until a 
portion, when poured into water, gives no flocculent matter, only a 
yellowish oil which slowly solidifies. The mixture is then poured into 
cold water and allowed to stand until the oil has completely solidified, 
the solidified oil being recrystallised several times from alcohol, in 
which it is readily soluble. The deoxybenzoin is thus obtained in the 
form of colourless plates which melt at 55°. The yield generally 
amounts to some 50 per cent. of the theoretical. 

Extremely interesting is the fact that benzil, C,H,*CO-CO-C,H,, is 
one of the products of the action of zinc dust on an acetic acid solu- 
tion of benzoin. When the mixture, in the above proportions, is heated 
for 15—20 hours, practically no benzil is obtained, but it can easily 
be isolated from the product, if the heating is continued for a shorter 
period. The mixture, heated at 100° for 8 hours, was poured into 
cold water, and the flocculent precipitate, after being washed and dried, 
was triturated in a mortar with cold alcohol. The residue, which is 
almost insoluble in cold alcohol, on recrystallisation from hot alcohol, 
formed prismatic needles melting at 136°, and, on analysis, proved 
to be unaltered benzoin. Found, C=79°22 and 78°40 per cent. ; 
H=5-65 and 5-77 percent. C,H,*CH(OH)-CO-C,H, requires C = 79°24 
and H =5-65 per cent. 

The cold alcoholic solution, after standing for several days, yielded 
a mixture of two different kinds of crystals; as it was found im- 
possible to separate these by any chemical means, the solution was 
allowed to evaporate spontaneously, and the crystals, which were well 
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developed, were separated mechanically. One of the compounds which 
crystallised in fairly large, flat, colourless, lustrous plates melting at 
55°, proved to be deoxybenzoin. The other compound, which was 
present in smaller quantity, crystallised in long, sulphur-yellow, pris- 
matic needles, and melted at 94°. It exhibited all the properties of 
benzil, and its identity was established by analysis. Found C= 79-92 
and 80°04 per cent. H-=4-73 and 4:50 per cent. C,H,-CO-CO:C,H, 
requires C = 80:00 and H = 4°76 per cent. 

The formation of benzil, an oxidation product of benzoin, by the 
action of zine dust and acetic acid on benzoin, seemed sd remarkable, 
that I have studied the action of hot acetic acid on benzoin, and find 
that small quantities of benzil are formed under these circumstances 
if the heating is continued for some 8—9 hours. 


Preparation of B-Chlorostilbene, C,H, CH:;CCl1-C,H,. 


In order to distinguish the solid chlorostilbene previously mentioned 
from the oily compound described by Zinin, I propose to call the solid 
compound £-chlorostilbene, and Zinin’s oil a-chlorostilbene ; it may be, 
however, that further investigation will establish the identity of the 
two compounds. 

B-Chlorostilbene is best obtained by treating deoxybenzoin in the 
cold with a slight excess of phosphorus pentachloride ; as the action 
is somewhat violent, it is advisable to add the pentachloride in small 
quantities at a time. The mixture is heated for a short time on the 
water bath, poured into water, and the oil extracted with ether; the 
ethereal solution is then well shaken with sodium hydroxide, washed 
with water, dried over calcium chloride, and the ether distilled off. The 
residue may then be distilled under atmospheric pressure, or, still 
better, under reduced pressure; in the latter case, the greater part 
passes over at 189—190° under a pressure of 25 mm., and, as a rule, 
a considerable amount of hydrogen chloride is evolved during the dis- 
tillation. When cold, the greater part of the distillate becomes solid ; 
it is drained on a porous plate, and recrystallised from alcohol. The 
crystals usually have a yellowish tinge, which can only be removed by 
repeated recrystallisation. @-Chlorostilbene crystallises in large, colour- 
less, lustrous plates, melts as 53--54°, and in general appearance re- 
sembles stilbene. Under atmospheric pressure, it distils at 320—324°, 
but at the same time undergoes slight decomposition. 

In the preparation of 8-chlorostilbene, it is not advisable to take the 
crude product obtained by the action of phosphorus pentachloride and 
subject it straight away to distillation, either under reduced or atmo- 
spheric pressure, as in both cases charring is apt to take place, and 
there is considerable loss. -Chlorostilbene is readily soluble in ether, 
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chloroform, benzene, glacial acetic acid, and hot alcohol; more 
sparingly in cold alcohol, and insoluble in water. 


0:1640 gave 0'107 AgCl. Cl = 16:14. 

0:2085 ,, 0138 AgCl. Cl = 16:37. 

0:1500 ,, 0:069 gram H,O and 0°43 gramCO,. C=78:18; H=5-11. 
C,,H,,Cl requires C = 78:32; H = 5:12; Cl = 16°55 per cent. 


Molecular weight determination. 

I. 0°328 gram dissolved in 18-617 grams of glacial acetic acid lowered 
the freezing point 0°326°. M = 210°'8. 

II. 0°2415 gram dissolved in 16-064 grams of glacial acetic acid 
lowered the freezing point 0°274°. M = 214. Theory for C,,H,,Cl, 
M = 214°5. 

If the solid chlorostilbene is heated for 3—4 hours on the water 
bath with alcoholic potash, it is converted, by the loss of 1 molecule 
of hydrogen chloride, into tolane (diphenylacetylene) which melts 
at 60°; the tolane was further identified by conversion into its 
dibromide which melts at 204—205°. Sodium ethoxide is also capable 
of bringing about the same decomposition. 

When reduced with sodium amalgam and alcohol, #-chlorostilbene 
is readily converted into stilbene (m. p. 125°). Two grams of chloro- 
stilbene were dissolved in 30 grams of ethylic alcohol and 40 grams of 
2°5 per cent. sodium amalgam were added. The mixture was left 
overnight, and then neutralised with hydrochloric acid, the alcohol 
evaporated, and the residue extracted with ether. The product left 
on evaporating the ether crystallised from alcohol in large, lustrous 
plates, melting at 124—124°5°; it gave a dibromide which melted at 
237°, thus establishing its identity with stilbene. 

Chiorostilbene dichloride (trichlorodibenzyl), C;,H,*CHCl-CCl,°C,H,, 
was obtained by saturating a solution of chlorostilbene in carbon 
tetrachloride with dry chlorine at 0° and in the dark. The mixture 
was allowed to stand for about half an hour, the excess of chlorine re- 
moved by drawing a rapid current of air through the solution, and 
the carbon tetrachloride allowed to evaporate spontaneously. The 
solid residue, washed with a little warm alcohol and crystallised 
from hot glacial acetic acid, deposited the dichloride in colourless, 
well-developed, hard prisms melting at 102—103°. It is almost 
insoluble in alcohol and ether, but readily dissolves in benzene, chloro- 
form, carbon tetrachloride and hot acetic acid. 


0°3668 gave 0°5427 AgCl. Cl = 36°62 per cent. Theory requires 
Cl = 37:30 per cent. 


When the dichloride is heated for half-an-hour with a slight excess 
of alcoholic potash, it yields two compounds which are best separated 
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by fractional crystallisation from alcohol. The portion which is only 
sparingly soluble in alcohol crystallises in flat, colourless plates, and 
melts at 141°. 0°2051 gave 0°236 AgCl. Cl = 2846. C,,H,,Cl, 
requires Cl = 28°51 per cent. It is identical with Liebermann and 
Homeyer’s cis-tolane dichloride, which melts at 143° (Ber., 1879, 
12,1971). The other compound is much more readily soluble in 
alcohol, crystallises in prismatic needles, and melts at 63°. 0°2093 
gave 0°2365 AgCl. Cl = 27°95. C,,H,,Cl, requires Cl] = 28°51 per 
cent. It is identical with tans-tolane dichloride (m. p. 63°) (loc. cit.). 

Chlorostilbene dibromide, C,H,“ CHBr+CC1Br°C,H,, or chlorodibromo- 
dibenzyl, is readily obtained by the action of a chloroform solu- 
tion of bromine on f-chlorostilbene dissolved in chloroform: 100 
grams of a 10 per cent. solution of bromine in chloroform was 
gradually added to 5: grams of chlorostilbene dissolved in 40 grams 
of chloroform. The solution, kept cool by surrounding it with ice- 
cold water, was allowed to stand for two or three hours, and the 
chloroform and excess of bromine were then quickly removed by 
pouring the solution on to a large clock glass, and blowing air over the 
surface. The solid residue was washed with a little warm alcohol, and 
recrystallised from benzene or hot glacial acetic acid. From its solu- 
tion in acetic acid, it is deposited in the form of colourless, well-deve- 
loped prisms ; it melts at 127°, but at the same time undergoes decom- 
position. It is readily soluble in chloroform, benzene, and hot ether, 
but is practically insoluble in alcohol. 

At 11°, 100 parts by weight of benzene dissolve 29°18 parts by 
weight of the dibromide. 

0:2056 gram gave 0°286 gram of silver chloride and bromide, which, 
when reduced, gave 0°1785 gram of metallicsilver. Br=42°69; Cl= 
9°59 per cent. C,,H,,ClBr, requires Br = 42-72 ; Cl= 9°47 per cent. 

If boiled for half-an-hour with a slight excess of alcoholic potash, 
the dibromide yields a mixture of three compounds, which are best 
separated by fractional crystallisation from alcohol. 

1.—The compound least soluble in alcohol crystallised in hard, 
colourless, flat prisms, and melted at 173—174°. Analysis proved it 
to be a chlorobromostilbene obtained by the elimination of a molecule 
of hydrogen bromide from the chlorostilbene dibromide. 

0°183 gram gave 0°205 gram of silver chloride and bromide, which, 
when reduced, gave 0°1335 gram of metallic silver. Brand Cl=39-07 
per cent. C,,H,,BrCl requires Br +Cl= 39°35 per cent. 

2.—An intermediate product was obtained which melted at 71—78°; 
it could not, however, be obtained in a pure state. 

3.—The compound which was most readily soluble in alcohol 
crystallised in colourless needles or prisms; it melted at 62°, and 
analysis proved it to be a dibromostilbene, 
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0:2 gave 0'2215 AgBr. Br=47:12. 
C,,H,,Br, requires Br = 47°33 per cent. 


The compound must, therefore, be identical with Limpricht and 
Schwanert’s dibromostilbene which melts at 63°. (Ber., 1871, 4, 
379). 

Nitro-derivatives. 

As it was found impossible to obtain any definite nitro-derivative by 
the aid of nitric acid—concentrated or fuming, alone or in acetic acid 
solution—the action of the red fumes evolved from nitric acid and 
arsenious anhydride on chlorostilbene was studied. Solid chlorostil- 
bene was dissolved in glacial acetic acid, and the solution saturated 
with the nitrous fumes, while surrounded by ice-cold water. The 
solution became deep green, and during the course of the action a 
colourless, crystalline substance was deposited. When saturated, the 
solution was kept for several hours, and the insoluble product was then 
collected and recrystallised from hot glacial acetic acid. 

It forms colourless prisms, melts at 124—125°, and is apparently 
chlorodinitrodibenzyl, C,H,*CH(NO,)-CCl(NO,)-C,H,, formed by the 
addition of two nitro-groups to the unsaturated compound chloro- 
stilbene. 


0:1221 gave 9-4 c.c. moist nitrogen at 11° and 764 mm. N=9-22. 
0:2542 ,, 0115 AgCl. Cl=11°20 per cent. 
C,,H,,CIN,O, requires N = 9:13 and Cl=11°58 per cent. 


B-Chlorostilbene thus resembles stilbene itself, which, according to 
Gabriel (Ber., 1885,18, 2438), yields an additive compound, C,,H,.N,0,, 
melting at about 300°. 

The acetic acid filtrate from this crystalline product was poured into 
cold water, when an oil was deposited which became semi-solid after a 
time ; this, after being pressed and recrystallised from hot alcohol, gave 
fine, sulphur-yellow, prismatic needles, but on spontaneous evapora- 
tion of its alcohol solution, it is deposited in well-developed monoclinic 
prisms. It melts at 104—105°, and is readily soluble in all organic 
solvents, but insoluble in water. It was found to be free from 
chlorine, and analyses gave the following results. 

03102 gave 0:7124 CO, and 0:0974 H,O. C=6263; H=3-48. 

02414 ,, 05501 CO, ,, 0:0864H,O. C=62:15; H=3-97. 

0236 =,,  20°4 c.c. moist nitrogen at 15° and 760 mm. N=10°12. 

0298 ,, 25°8 c.c. moist nitrogen at 14°and 755mm. N=10'11. 

C,,H,.(NO,), requires C= 62 22 ; H=3-70; N=10°37 per cent. 

Molecular weight determination. 

04978 gram dissolved in 16-904 grams of glacial acetic acid lowered 
the freezing point 049°. M=234:4, Theory for C,,H,,N,O,, M=270, 
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All attempts to reduce the nitro-groups, and to obtain amido- 
compounds proved unsuccessful, the only product formed being a dark 
brown, tarry mass. 

That the nitro-groups must be attached to the ethylene carbon 
atoms, and not to carbon atoms in either of the benzene nuclei, was 
proved by oxidising the nitro-compound with an acetic acid solution 
of chromic anhydride. The only product obtained was benzoic acid 
no mono- or di-nitrobenzoic acids could be isolated. 

If the yellow compound has the composition 

C,H,° C(NO,):C(NO,)-C,H,, 
it must be formed from the compound C,H, CH(NO,)-CCl(NO,)°C,H,, 
already mentioned, by the elimination of a molecule of hydrogen 
chloride. Chlorodinitrodibenzyl, when heated with alcoholic potash, 
at once turns yellow, and ‘on acidifying and distilling off the alcohol 
a yellow oil is obtained, but it could not be induced to solidify. 
Although the yellow, crystalline compound, according to the formula 
just given, contains a double bond, it has been found impossible up to 
the present to bring about any combination with bromine. A solu- 
tion of the compound in chloroform does not decolorise a chloroform 
solution of bromine, and, even after standing for some time, the 
original compound can be obtained by evaporating off the chloroform. 


Methylchlorostilbene, CH," CC1:C(CH,): C,H,» 


Methyldeoxybenzoin, obtained by v. Meyer and Oelker’s method 
(Ber., 1888, 21, 1295), was heated with a slight excess of phosphorus 
pentachloride for about half-an-hour on the water bath. The liquid 
mass was then poured into water, allowed to stand, neutralised with 
sodium hydroxide, and extracted with ether; the yellow oil left on 
evaporating the ether gave the following results on analysis, 


0°77 gave 0°539 AgCl. Cl=17°32. 

0-476 ,, 0331 AgCl. Cl=17-20. 
O,H,* CCl:C Me: C,H, requires Cl= 15°54 per cent. 
C,H,°CCl,;CHMe°C,H, ,, Cl=26°78 ,,_ ,, 


When the oil was distilled under diminished pressure, a consider- 
able quantity of hydrogen chloride was evolved, and the greater part 
passed over at 178° under a pressure of 18 mm. The distillate, on 
cooling, deposited a small quantity of colourless, prismatic crystals ; 
these were drained off and the oil again distilled under diminished 
pressure, when more of the crystalline compound was obtained. By 
this process of repeated distillation, a considerable portion of the oil 
was converted into the crystalline compound, although not 20 per 
cent, was converted at any one distillation, 
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The crystals, when separated, drained on a porous plate, and re- 
crystallised from hot glacial acetic acid, formed colourless, lustrous 


plates melting at 124°. 
0:2 gave 05767 CO, and 0'106 H,O. C=78-64; H=5°88. 
0°233 gave 0146 AgCl. Cl=15°51. 
C,H, CMe:CCl- C,H, requires C = 78°77 ; H = 5°69 ; Cl = 15°54 per cent. 


Molecular weight determination. 

0°2065 gram dissolved in 21°12 grams of glacial acetic acid lowered 
the freezing point 0°17°. M=224°3. Theory for C,H,-CMe:CCl-C,H,, 
M = 228'5. 


This crystalline methylchlorostilbene is readily soluble in ether, 
benzene, chloroform, and carbon tetrachloride, also in hot alcohol and 
in hot acetic acid. Under atmospheric pressure, it distils at about 
311° undergoing but slight decomposition. It differs from the solid 
chlorostilbene in not being acted on by alcoholic potash, and also by 
not being readily reduced either by sodium amalgam and water or by 
zinc and acetic acid. 

The oily compound which was formed along with this solid methyl- 
chlorostilbene on distilling the product of the action of phosphorus 
pentachloride on methyldeoxybenzoin was also analysed, and gave 
numbers which agree with those required for methylchlorostilbene. 


0:25 gave 0°716 CO, and 0°126 H,O. C:=78:11; H=5°6. 
05 ,, 0307 AgCl. C]=15-19. 
058 ,, 0355 AgCl. Cl=15-14. 

Theory, C=78°77; H=5°69; Cl=15-54 per cent. 


The investigation of this oil is being continued, in order to deter- 
mine, if possible, whether it is merely an impure form of the solid 
compound, or whether it is to be regarded as a stereo-isomeride. 

Methylehlorostilbene dibromide, C,H," CMeBr* CCl1Br- C,H, or methyl- 
chlorodibromodibenzyl, obtained by a method exactly similar to that 
used for the preparation of chlorostilbene dibromide, crystallises from 
het glacial acetic acid in well-developed rhombic prisms. It melts and 
decomposes at 122—125°, is practically insoluble in alcohol, and only 
sparingly soluble in ether. 

0°2224 gave 0°2966 gram silver chloride and bromide, which, when 
reduced, gave 0°185 gram metallic silver. Br=41°05, Cl=9°12 per 
cent. Theory, Br= 41:18 and Cl=9°13 per cent. 

Methylehlorostilbene dichloride, C;H,* CMeCl- CCl, C,H,, or methyltri- 
chlorodibenzyl, obtained by passing chlorine into a cold solution of 
methylchlorostilbene in carbon tetrachloride, crystallises from hot 
glacial acetic acid in well-developed, colourless prisms. It melts and 
decomposes at 130°, is readily soluble in benzene, chloroform, carbon 
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tetrachloride and hot acetic acid, but is almost insoluble in alcohol and 
cold ether. 


0:2722 gave 0°3978 AgCl. Cl=36°15. 
0°2433 ,, 0349 AgCl. Cl=35-49. 
Theory requires Cl= 35°55 per cent. 


Ethylehlorostilbene, C;H,*C(C,H;):CCl°C,H,, was obtained from 
ethyldeoxybenzoin (Meyer and Oelkers, Joc. cit.), in exactly the same 
way as methylchlorostilbene from methyldeoxybenzoin. 

When the crude, oily compound was distilled, the greater part passed 
over at 188—189° under a pressure of 27 mm., and when cold set to a 
mass of crystals mixed with a certain amount of oil. The crystals, 
drained and crystallised from hot alcohol, in which they are readily 
soluble, form very large, colourless prisms, which melt at 60° and 
distil under atmospheric pressure at 328° (corr.). Itis extremely easily 
soluble in all organic solvents, but insoluble in water. Characteristic 
is the ease with which it can be obtained in large, well-developed 
crystals. 


0°1542 gave 0°4448 CO, and 0:0865 H,O. C= 78°53 ; H=6:24. 
01435 ,, 0-416 CO, ,, 0°0815 H,O. C~79-06; H=6°31. 
0-298 ,, O171 AgCl. Cl=14°20. 
02066 ,, 01212 AgCl Cl=14°52. 

C,H," CEt:CCl- C,H, requires C= 79°18 ; H=6°18 ; Cl = 14-64 per cent. 


Molecular weight determination. 

0°2925 gram dissolved in 20587 grams of glacial acetic acid lowered 
the freezing point 0°234°. M=236°8. 

0°3565 gram dissolved in 19:298 grams of glacial acetic acid lowered 
the freezing point 0°310°. M=232:4. Theory, M=242°5. 

Alcoholic potash has no action on the compound, as was to be 
expected. It was also found impossible to reduce it either with sodium 
amalgam and water or zinc and acetic acid. 

Ethylchlorostilbene dichloride, C,H,*CEtCl-CCl,-C,H,;, or ethyltri- 
chlorodibenzyl, was obtained by chlorinating a solution of ethylchloro- 
stilbene in carbon tetrachloride, the solution being kept quite cold and 
allowed to stand for 2 hours after saturation ; the excess of chlorine was 
then removed by drawing a rapid current of air through the solution, 
and the carbon tetrachloride left to evaporate spontaneously. The 
syrupy, oily residue, which became solid on treatment with cold alcohol, 
was washed with warm alcohol and then recrystallised from ether. 
The dichloride crystallises in colourless needles, melts at 90—91°, and 
is readily soluble in chloroform, benzene, and acetic acid. 


0:214 gave 0:2938 AgCl. Cl=33°96, 
C,H,° CEtCl-CCl,C,H, requires Cl = 33°97 per cent, 


SUDBOROUGH: RESEARCHES IN THE STILBENE SERIES. 227 


Ethylehlorostilbene dibromide, C,H, CEtBr*CC1Br-C,H,, or ethyl- 
chlorodibromodibenzyl, was obtained as a thick oil, which readily 
solidified on treatment with a little alcohol. It melts at 97—99°, is 
insoluble in alcohol, and only sparingly soluble in ether. 

0-2 gram gave 0°259 gram of silver chloride and bromide, which, 
when reduced, gave 0°1615 gram of metallic silver. Br=39°92 and 
Cl=8°83 per cent. Theory requires Br = 39°75 and Cl= 8°81 per cent. 

The purification and investigation of the oily compounds obtained 
by treating deoxybenzoin and its alkylic derivatives with phosphorus 
pentachloride have already been begun, in order to determine, if 
possible, whether these oils are only slightly impure forms of the crys- 
talline chloro-, methylchloro-, and ethylchloro-stilbenes described above, 
or whether they are to be regarded as isomerides. If the substances 
are isomeric, beyond a doubt almost they are stereo-isomeric, as the 
oils are so readily converted into the solid compounds. 

The best method of attacking the problem, when once the oily com- 
pounds have been obtained in a pure state, appears to be to study the 
additive compounds formed by the union of the oils with chlorine - 
and bromine, and then to compare the products with those obtained 
from the solid compounds. In the case of methylchlorostilbene, for 
example, the oil and solid, if stereo-isomeric, must bear the same 
relationship to one another as the two tolane dichlorides or as the two 
crotonic acids. In other words, one must have the cis-configuration A, 
and the other the ¢rans-configuration B. 


C,H, C-CH, C,H,-C-CH, 
O,H,°C-Cl Cl-C-C,H, 


The effect of chlorinating the compound A would be to form an 
inactive mixture of the two enantiomorphic compounds I and II. 
Cl Cl 
CjH,"C-CH, IL. CH," C-C,H, 
O,H,*O-Cl Cl-O-0,H, 
Cl Cl 


or else a racemic compound of the two. 
The compound B would also yield an inactive mixture or racemic 


compound of III and IV, 
Cl Cl 
! 
C,H C-CH, CH,C-C,H, 
Cl-O-C,H; ° C,H,C-Cl 
Cl Cl 


IT, 
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It can easily be shown by means of models that compounds III and 
IV are identical with compounds I and II. This also follows from the 
fact that the compound C,H,*CCl(CH,)-CCl,°C,H, contains only one 
asymmetric carbon atom, and can therefore exist, according to the 
van’t Hoff theory, in only two optically active modifications, which 
can combine to form a racemic compound. 

The result of brominating the compounds A and B would, however, 


be somewhat different. 
A would yield us an inactive mixture of the two enantiomorphic 


compounds V and VI. 
Br Br 
l | 
CH: CCH, vI CH,'C:C,H, 
C,H,°C-Cl ‘CLC: C,H, 
| 
Br Br 
whereas B would yield an inactive’ mixture of the compounds VII 
and VIII. 
Br Br 


| | 
C,H,O-CH, CH,-C-C,H, 


VIL. VIII 


Cl-C-C,H, ’ O,H,°C-Cl 
| | 


Br Br 


Compounds VII and VIII, however, are not identical with compounds 
Vand VI. This can readily be established by means of models, and is 
in accord with the fact that the compound C,H ,* CBr(CH,)-CClBr-C,H, 
contains two asymmetric carbon atoms, and can exist in four optically 
active and two racemic forms. Based upon these purely theoretical 
considerations, we should expect both the oily and solid methyl- 
chlorostilbenes, if they are stereoisomeric in the same way as the 
crotonic acids, to yield the same dichloride but different dibromides. 
The same applies to the chlorostilbenes and ethylchlorostilbenes. On 
the other hand, if the oil is merely an impure form of the solid, then 
both compounds should yield the same dichloride and also the same 
dibromide. A third possibility, that the compounds are structurally 
isomeric, could be settled at the same time, for in this case the oil and 
solid should yield different dichlorides, and also different dibromides. 

In conclusion, I wish to express to Dr. Irving W. Fay my sincere 
thanks for his kind assistance in some of the analytical work entailed 
in this investigation. 

UNIVERSITY COLLEGE, 
NorrincHamM. 
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XVIL.—Diortho-substituted Benzoic Acids. Part ITI. 
Hydrolysis of Substituted Benzamides. 
By Joun J. SupBoroveH, Percy G. Jackson, anD Lorenzo L. Lioyp. 


Ir has been previously shown by Victor Meyer and one of us (Ber., 
1894, 27, 510, 1580, and 3146) that diortho-substituted benzoic acids 
yield no ethereal salts when their cold methyl alcoholic solutions are 
saturated with dry hydrogen chloride; these salts, however, can be 
obtained by the action of alkylic iodides on the silver salts of the 
acids, or by the action of alcohols on the acid chlorides. Victor Meyer 
has shown that these ethereal salts are characterised by the fact that 
they are extremely difficult to hydrolyse (Ber., 1895, 28, 188). 

The acid chlorides of diortho-substituted benzoic acids, further, are 
remarkably stable, being only completely decomposed on prolonged 
boiling with potassium hydroxide solution (Sudborough, Trans., 1895, 
67, 587 ; v. Meyer, Ber., 1894, 27, 3153 ; Liitzens, Ber., 1896, 29, 2837). 
It has also been pointed out by one of us (Sudborough, Trans., 1895, 67, 
601) that probably diortho-substituted benzamides exhibit a similar 
degree of stability. Thus it has been shown that 2:6-dibromobenz- 
amide remains practically unacted on when heated at 170° with 80 per 
cent. sulphuric acid, whereas the isomeric 2 :4-dibromobenzamide, under 
similar conditions, is completely hydrolysed. 

With the purpose of further investigating the properties of sub- 
stituted benzamides, we have prepared the following amides. 

Ortho-, meta-, and para-bromobenzamides, 

2:4-, 2:6-, and 2:5-dibromobenzamides, 

2:4:6- and 3:4:5-tribromobenzamides, 

2:4:6-Trichlorobenzamide, 

2:4:6-Trimethylbenzamide, 

Mesitylacetamide, 
and have in each case determined the amount of amide converted into 
acid when heated with different strengths of sulphuric acid at given 
temperatures, 

The general method adopted was as follows. 

05 gram of the amide was heated with 20 or 25c.c. of the sulphuric 
acid to a given temperature for different lengths of time, generally in 
sealed tubes. On cooling, the acid was diluted with water and the 
mixture extracted three times with ether; the ethereal solution was 
extracted twice with dilute caustic potash, in order to remove any acid 
which might have been formed, and the combined alkaline extracts 
were acidified with hydrochloric acid and then extracted twice with 
ether. This ethereal extract was washed with water, dried over calcium 
chloride, transferred to a tared flask, and the ether slowly evaporated. 
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During the course of this work, the following new compounds have 
been prepared. 

3:5-Dibromobenzamide, C;H,Br,* CONH, [CONH,:Br, = 1:3:5], was 
prepared by the action of aqueous ammonia on 3:5-dibromobenzoic 
chloride. It crystallises from hot, aqueous alcohol in colourless 
needles, melts at 187°, and is soluble in alcohol, ether, benzene, and 
chloroform, but more sparingly in boiling water. 


02608 gave 0°3505 AgBr. Br = 57°19. 
03005 ,, 12°8c.c. moist nitrogen at 11° and 760 mm. N = 5:07. 
C,H,Br,*CONH, requires Br = 57:34; N = 5:02 per cent. 


This amide was completely hydrolysed on treating it with 75 per 
cent. sulphuric acid for 7 hours at 160°. The acid thus formed melted 
at 209°. 

Symmetrical tribromobenzonitrile, C,H, Br,°CN [CN : Br, = 1:2: 4:6]. 
—This nitrile is really prepared from symmetrical tribromaniline by the 
Sandmeyer Reaction (as described in Ber., 1894,2'7, 512). It is advisable, 
after diazotising, to filter off from any unaltered tribromaniline before 
adding to the cuprous potassium cyanide solution. The reddish-coloured 
product which is thus obtained is best boiled in alcoholic solution with 
animal charcoal, and then recrystallised from dilute alcohol, when it is 
obtained in small, colourless needles, readily soluble in alcohol and 
ether, but only sparingly in boiling water. It melts at 127°, and very 
slowly volatilises in a current of steam. 


0°1452 gave 0:241 AgBr. Br = 70°62. 
0-4 » 14:2 ¢.c. moist nitrogen at 16° and 756 mm. N=4°'116. 
Theory requires Br = 70°59 ; N = 4:12 per cent. 


Symmetrical tribromobenzamide, C,H,Br,* CONH,, is readily obtained 
when the nitrile is heated in sealed tubes with 80 per cent. sulphuric 
acid at 160° for several hours; the nitrile is not hydrolysed when 
heated to the same temperature with 60 per cent. acid. Ten grams of 
the nitrile were heated with 200 c.c. of 80 per cent. sulphuric acid at 
160° for 6 hours, and on cooling, the acid was diluted with water, and 
the solid residue collected and recrystallised from dilute alcohol or from 
boiling water. It crystallises in small, colourless needles, or from 
dilute solutions in hard prisms, melts at 193—194°, is readily soluble 
in alcohol, ether, and chloroform, moderately in boiling water, and 
almost insoluble in cold water. 


I. 0°1675 gave 0°264 AgBr. Br = 67:06. 
II. 0-401 _—_—,, 14°2 c.c. moist nitrogen at 12° and 759 mm. N=4'19. 
III. 0°2156 __,, sufficient NH, to neutralise 6 c.c. N/10H,SO,. N=3°89, 
Theory requires Br = 67:04; N = 3-91 per cent, 
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As regards its hydrolysis, this amide exhibits a remarkable degree 
of stability as compared with its isomeride, [CONH, : Br, = 1:3:4:5], 


see appended table. 

Unsymmetrical tribromobenzamide, [CONH, : Br, = 1:3:4:5].—3:4:5- 
Tribromobenzoic acid was prepared by the method previously des- 
cribed (Ber., 1894, 27, 513), a slight modification being made by 
using hydrochloric instead of sulphuric acid for liberating the nitrous 
acid ; the yield of tribrom-acid is very good. The acid was converted 
into its chloride by warming it with phosphorus pentachloride, the 
oxychloride distilled off under diminished pressure, and the residue 
treated with concentrated ammonia ; the solid mass thus obtained was 
washed with water, and recrystallised from dilute alcohol. It is readily 
soluble in ether, chloroform, and alcohol, but only sparingly so in boil- 
ing water. It crystallises from its dilute alcoholic solution in colourless, 
slender, silky needles, and melts at 199—200°, and not at 210° as pre- 
viously stated (Trans., 1894, 65, 596). 


0:2008 gave 0°3177 AgBr. Br=67°32. 
0°1961 gram, when heated with soda lime, gave sufficient ammonia 
to neutralise 5:3 c.c. of N/10 sulphuric acid. N=3-78. 
C,H,Br,* CONH, requires Br= 67-04 and N =3-91 per cent. 


Symmetrical trichlorobenzonitrile, C,H,Cl,* CN[CN:Cl, = 1:2:4:6].— 
Trichloraniline was prepared by saturating an acetic acid solution of 
aniline with chlorine, filtering off the crystalline precipitate, and decom- 
posing it with water. The trichloraniline was then diazotised in the 
cold, and poured into a warm (60°) solution of cuprous potassium 
cyanide (10 grams of 98 per cent. potassium cyanide to 9°5 grams of 
copper sulphate). The precipitated nitrile, after being allowed to stand 
for 12 hours, was extracted with ether, the ether evaporated, and the 
residue dissolved in alcohol, boiled with animal charcoal, and recrystal- 
lised several times from dilute alcohol. The yield is not very good, in 
most cases not more than 20—30 per cent. of the theoretical, and it is 
still worse when the diazotised solution is poured into boiling cuprous 
potassium cyanide solution. The nitrile crystallises in colourless, silky 
needles, melts at 75°, and is extremely soluble in alcohol and ether, 
but only sparingly in boiling water. O,H,Cl,-CN requires Cl=51°57 
per cent., and N=6°78 per cent. Found, Cl=51°‘53 per cent., and 
N=6°9 per cent. 

The nitrile is practically unacted on when heated at 160° for 3 hours 
with 60 per cent. sulphuric acid, but is readily hydrolysed when heated 
with 80 per cent. acid ; thus 0°5 gram of the nitrile, when heated with 
20 c.c. of 80 per cent, sulphuric acid at 160° for 3 hours, gave 0°43 
gram of the amide and 0-06 gram of trichlorobenzoic acid. 

2:4:6-Tvichlorobenzamide, obtained by heating the nitrile (10 grams) 

R 2 
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with 80 per cent. sulphuric acid (200 grams) for 3 hours at 160°, crys- 
tallises from boiling water in colourless, glistening plates, and melts at 
177°. It is readily soluble in most organic solvents, and moderately 
so in boiling water. 

01865 gave 0°3565 AgCl. Cl=47-29. 

0:1909 gram, when heated with soda lime, gave sufficient ammonia to 
neutralise 8°3 c.c. of N/10 sulphuric acid. N=6-09. 

C,H,Cl,* CONH, requires Cl= 47°43 ; N = 6°23 per cent. 

This amide is also remarkably stable when heated with 75 per cent. 

sulphuric acid. 


Mesitylacetamide,C,H,Me,*CH,*CONH,[CH,*CONH, : Me, = 1:2:4:6], 


This compound was obtained by converting mesitylacetic acid into 
its chloride, and pouring the chloride into ammonia; the action 
is violent, and the product, after reerystallisation from dilute alcohol, 
forms long, slender, silky needles, melting at 209—210°. It is iden- 
tical with the compound obtained by Claus (J. pr. Chem., 1890, [2], 41, 
507), which melted at 208°. 


Results of Hydrolyses. 


Amide taken. 


gth of H,SO, 
Weight of amide 
Per cent. of amide 
converted into acid. 


taken. 


Temperature. 


Stren 
used. 


| 


| ~ |Per cent. 
Orthobromobenzamide ili 15 mins. | 
Do 0. 


i 
th & 6 
£ 


EO OO UO OU OU OU GU OT OH USL OT Tt 


| Metabromobenzamide 

Do. 

Do. 
Parabromobenzamide 

Do. 

| 3:5-Dibromobenzamide... .. 

| Do. 

Do. 
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| 2:4-Dibromobenzamide 
Do. 
: 6-Dibromobenzamide 
Do. 
| 8:4:5-Tribromokenzamide.. | 
2 :4:6-Tribromobenzamide..| 
Do. 
2:4:6-Trichlorobenzamide.. | 
Mesitylacetamide 
Do. 
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The behaviour of these acid-amides towards hydrolysing agents is 
extremely characteristic. Of the three monobromobenzamides, the 
ortho-compound is somewhat more stable than the other two. This is 
only what was to be expected, since V. Meyer has shown that, not only 
are the ethereal salts of ortho-substituted-benzoic acids more slowly 
formed than those of isomeric acids, but also that these ortho-substi- 
tuted salts are more stable than the isomeric meta- and para-substituted 


‘ compounds. It has further been shown by one of us that orthobromo- 


benzoic chloride is somewhat more difficult to hydrolyse than the meta- 
and para-compounds. 

Of the di- and tri-bromobenzamides, those which have bromine atoms 
in the two ortho-positions are remarkably stable, yielding only 4—12 
per cent. of acid when heated with 75 per cent. sulphuric acid at 160° 
for several hours, whilst the isomeric amides in which the two ortho- 
positions are not substituted yield over 90 per cent. of acid under 
exactly similar conditions. This, again, is in complete accord with the 
behaviour of the corresponding ethereal salts and acid chlorides. 

It is interesting to note that 2:4:6-tribromobenzamide is even more 
stable than 2:6-dibromobenzamide, although both are ortho-substituted ; 
the introduction of a third substituting group, even when the two ortho- 
positions are already occupied, seems to render the amide more difficult 
to hydrolyse. A similar phenomenon has already been noticed in the 
case of substituted benzoic chlorides. 

2:4:6-Trichlorobenzamide rroves to be difficult to hydrolyse, but not 
nearly so difficult as the corresponding bromine derivative. This is in 
accord with the results obtained with substituted benzoic acids ; it has 
been shown by V. Meyer that the ratetat which diortho-substituted 
benzoic acids are converted into ethereal salts depends mainly on the 
atomic or molecular weights of the atoms or groups which occupy the 
ortho-positions. Diortho-substituted acids, in which the substituting 
groups are methyl groups (CH,=15), are slowly converted into ethe- 
real salts at the boiling point of the alcoholic solution, whereas di- 
ortho-substituted acids, in which the substituting groups are bromine 
atoms or nitro-groups (Br = 80, NO, = 46), do not yield a trace of the 
salt under similar conditions. We have also attempted to hydrolyse 
mesitylformamide—2 :4:6-trimethylbenzamide—by heating it with 75 
per cent. sulphuric acid, in the hope of being able to show that it was 
more readily hydrolysed than the corresponding trichloro-derivative 
(Cl=35°5). It was, however, found impossible to carry out the pro- 
cess of hydrolysis, as the amide was charred and completely destroyed 
by the sulphuric acid. An interesting point in connection with the 
diortho-substituted benzoic chlorides is the fact that, although they 
are so difficult to hydrolyse by treatment with water or sodium hydr- 
oxide solution, they are yet readily acted on by aqueous ammonia, 
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yielding the corresponding amides. In order to prepare 2:6-dibromo- 
or 2:4:6-tribromo-benzamide, it is only necessary to warm the corres- 
ponding chloride with aqueous ammonia for a few minutes. Some of the 
isomeric chlorides react with cold, aqueous ammonia ; the diortho-substi- 
tuted compounds, however, require heating with the ammoniacal solu- 
tion for a short time. There is thus a difference between the 
diortho-substituted chlorides and their isomerides as regards their 
behaviour towards aqueous ammonia, but this difference is not nearly 
so marked as the difference between the two series of compounds when 
treated with hydrolytic agents. 

Wegscheider (Moncatsh., 1895, 16, 75) has suggested that the reason 
why diortho-substituted acids do not yield ethereal salts on treatment 
with alcohol and hydrogen chloride, is to be sought for in the fact that 
the substituting groups prevent the formation of an additive compound 
of the acid with the alcohol, this additive compound always being an 
intermediate product in the preparation of these salts by the method 
mentioned above. It may be that, in the hydrolysis of acid chlorides 
and amides, an additive compound with water is also formed, and that 
this is afterwards decomposed into the acid and hydrogen chloride, or 
into the acid and ammonia, The substituting groups in the ortho- 
positions would have a tendency to prevent the formation of such an 
additive compound, and would thus retard the hydrolysis. In the 
action of ammonia on the acid chlorides, we must suppose that no such 
intermediate additive product is formed, but that the chlorine is at 
once withdrawn and replaced by the amido-group. 

In conclusion, we intend taking up the study of the amides of a few 
methyl- and chloro-substituted benzoic acids, and also, if possible, the 
preparation of certain diortho-substituted benzaldehydes and benzylic 
alcohols, in order to determine whether they also have such well-defined 
characteristics. The question as to whether a diortho-substituted benz- 
aldehyde can form additive compounds with hydrogen cyanide, &c., or 
whether it can enter into the usual aldehydic condensations (V. Meyer, 
Ber., 1895, 28, 1267), seems to us to be one worthy of closer study. 
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XIX.—The Refraction Constants of Crystalline Salts. 
By ALFRED Epwin Turton. 


In a recent issue of this Journal (Trans., 1896, 69, 1530), there appears 
a contribution by Mr. Pope on the above subject, containing a 
criticism of certain results published by the author of the present 
communication earlier in the past year (Trans., 1896, 69, 502) con- 
cerning the molecular refraction constants of the sulphates and double 
sulphates containing potassium, rubidium, and cesium. In the paper 
referred to, which includes no new experimental data, Mr. Pope 
advances a claim to originality with regard to the additive nature of 
the molecular refractions of crystallised compounds, to which, it appears, 
he is not entitled. It was clearly shown in the author’s memoir that 
this rule of additive molecular refraction held good in the cases of 
the whole of the 22 double sulphates of the series R,M(SO,), + 6H,O, 
the results of the investigation of which were then presented, and it 
was thereby established that the same refraction equivalents which 
were observed in the case of the simple alkali sulphates apply also 
to those salts when combined with the sulphates of magnesium, zinc, 
iron, nickel, cobalt, copper, manganese, and cadmium. The author 
did not, however, lay claim to the discovery of the rule that the 
molecular refraction of a crystallised compound is the sum of the re- 
fractions of its components, for the reason that he considered that 
the valuable work of previous observers, notably that of Gladstone, 
in which he utilised the data of Topside and Christiansen and of Soret, 
and more recently that of Perrot (Archiv. des Sciences phys. et nat. 
Genéve, 1891, 26 and 669, and 1893, 3), after allowing for the fact that 
the experimental data were not in every case all that could be desired, 
had already led to that conclusion. The author consequently only 
presented his results from more accurate experimental data in further 
confirmation of the rule, and based upon its acceptance the whole 
argument for the similarity of the refractive power of the simple 
alkali sulphates when alone and when forming part of the double 
sulphates. Hence, when Mr. Pope speaks of the rule as “ my view 
that the molecular refractions of solid salts are . . . the sums of... 
atomic or equivalent refractions,” and further states on the first 
page that “ proof is advanced in the present paper that the molecular 
refractions of crystalline salts are practically additive quantities,” he 
is not contributing anything original, such proof having alreaily been 
advanced. 

Mr. Pope further draws attention to the fact that the author, in 
arriving at his values for the general molecular refractions of his salts, 
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all of which crystallised in systems involving biaxial optical properties, 
took the mean of the values corresponding to the two extreme indices, a 
and y, rather than the mean of those corresponding to all three, a, f, 
and y, and, apparently, he considers the author to be unaware of the 
mathematical nature of the problem. His conclusion that this course 
was pursued “ merely because, in the cases of the few salts which the 
author compared in the two states, it happened to give practically the 
same molecular refraction for the crystalline salt as was found in 
solution” is unfounded. The author carefully considered the question 
during the preparation of his memoir, and decided that it was amply 
sufficient for the purpose in view (that of ascertaining whether the 
same refraction equivalents applied to the alkali sulphates when 
contained in the double sulphates as when alone) to take the mean 
of the two extreme values, because all the salts under considera- 
tion exhibited extremely feeble double refractions—that is, the two 
extreme values were exceptionally close together, so close, indeed, 
that it was evident that the differences between the results so ob- 
tained and those derived by taking the mean of all three values 
would come within the limits of experimental error, although the 
utmost care had been taken to reduce the latter to a minimum, and 
there would be no gain in accuracy in return for the extra labour 
entailed. 

In seeking confirmation of his contention that this extra labour 
ought to have been incurred, Mr. Pope presents a number of tables 
purporting to exhibit the results, recalculated in accordance with his 
view, from the author’s experimental data, and also comparing the 
recalculated values thus obtained with the author’s values. From the 
comparison (Table IV, p. 1537), it would appear that the course con- 
tended for by Mr. Pope leads to results which differ from the author's 
values by amounts far exceeding the experimental error. The author 
has taken the trouble to check Mr. Pope’s recalculations, with the 
result that no less than thirteen mistakes were found in the first three 
columns of figures in Table III for which Mr. Pope is responsible, 
and a similar number in the last column consequent on the others. In 
two cases, the arithmetical errors are in the whole numbers, and not in 
decimal places, and one of them amounts to a fifth of the whole value 
and is three times the amount of the real difference due to the two 
methods of procedure. These two cases occur in the third column 
of figures in Table III ; that opposite K,Cu should be 5-25, instead of 
4°25, and that opposite Cs,Cu should be 14°51, instead of 13°51. Both 
these inaccurate values appear as the inferior limits in Table IV, for 
the increment corresponding to the passage from potassium to rubi- 
dium and to cesium respectively, hence, there is no wonder that, to 
quote Mr. Pope’s statement following the table, “the differences are 
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very much closer with my values than with Tutton’s.” When the 
arithmetical errors are corrected, Table IV naturally assumes a very 
different aspect. In its correct form, it is as follows. 


Increase in molecular refraction in passing from 


K, to Cs,. 


| | 
Limits. iff. .| imits. iff. Mean.| Limits. Diff. | Mean. 


| | 
Tutton | 5°11—5°49) 0° ; ‘78— 9°98) 1°20) 9°59 14°51—15°47, 0°96 | 15°00 
Pope...| 5'23—5°52! 0° : *E3—10.04) 1°21 9°66 | 14°65—15°56) 0°91 | 15°15 


| 
| | | 


It is obvious that the differences between the extreme values found 
experimentally in different cases of the same chemical replacement, 
which are due, in part at least, to experimental error, are much larger 
than is the variation in these differences according as the experimental 
values have been calculated from two refractive indices or from three. 

It remains to notice one further point. Mr. Pope seeks to contro- 
vert the author’s statement that “the matter in a crystal has, for 
refraction purposes, the same average effect as the same matter 
uncrystallised,” and in order to do so he first quotes the case of water 
and ice, wherein it is observed that the molecular refraction of water, 
calculated from the determinations of van der Willigen for 20°, 
appears to be slightly lower than that of ice as calculated from 
the determination of Pulfrich for 0°. He then extends the dis- 
cussion to the sulphates of rubidium and cesium, as determined with 
the same material by Dr. Gladstone in solution and the author in the 
crystallised condition, and states that “just as in the case of ice and 
water, the molecular refraction in the crystalline state is greater than 
that calculated for the solution.” It appears to have escaped Mr. Pope’s 
notice that this is so only for cesium sulphate, and that in the case of 
rubidium sulphate the opposite is the fact. Both differences, however, 
are well within the region of experimental error as regards the numbers 
for solutions. Moreover, water is nota good test substance, behaving 
exceptionally, as it does, in so many respects, and particularly when 
the comparison is made between the one at 0° and the other at 20°. 
Such difference as there may in reality be between the refraction effect 
of a substance when dissolved and when crystallised, due to change of 
state, is very minute, and from the broad standpoint from which the 
author was regarding the matter his statement was correct. 
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XX.— Derivatives of a-Hydrindone. 


By Cecit Revis, Assoc. C.G.Inst., and Freperic STANLEY KIpPinG, 
Ph.D., D.Sc. 


ALTHOUGH a-hydrindone has now been known for some years, and its 
preparation by the method previously described by one of us (Kipping, 
Trans., 1894, 66, 480) is a comparatively simple matter, its derivatives 
have not yet received much attention, and little is known of their 
general chemical behaviour ; for this reason, we have taken up again 
the study of hydrindone derivatives where it was left some years ago. 

In the course of this work, we have not only prepared and character- 
ised a number of new derivatives, but we have also examined more 
closely the properties of some of the compounds previously described, 
more particularly in order to compare their behaviour with that of 
corresponding derivatives of camphor. 

Between a-hydrindone and camphor there is, in some respects, a con- 
siderable difference in constitution, but, at the same time, the two 
ketones are doubtless of a somewhat similar structure as each consists 
of two closed chains, certain carbon atoms of which are common to 


both. Expressing the constitution of camphor by Bredt’s formula, each 
compound contains a 5-carbon nucleus in which the group —-CH,*CO- 
is present ; in other words, both a-hydrindone and camphor contain 
the complex 


q 
-C—CH, 
-C- 
-C——CO 


upon which is built a second closed chain. 

Now, since all the more important reactions or changes which these 
two compounds undergo are determined in a greater or less degree by 
the presence of the -—CH,*CO- group, it might be expected that 
there would be an obvious and close similarity in the behaviour of the 
two ketones, especially as regards those reactions in which this group 
is known to be concerned. 

Investigation has shown that this is so, but only to a very limited 
extent: for instance, just as camphor and a-monobromocamphor are 
oxidised by nitric acid, giving camphoric acid, C,H,,(COOH).,, so, like- 
wise, hydrindone and monobromhydrindone are converted into phthalic 
acid, C,H,(COOH), under similar conditions. Again, dibromhydrin- 
done, like a-dibromocamphor is a very stable substance, and may be 


—~<_ a tom 2 


a a a a 
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crystallised unchanged from boiling nitric acid of sp. gr. 1:4; in both 
cases, therefore, the substitution of bromine for the 2 atoms of hydrogen 
of the -CH,*CO- group confers great stability towards nitric acid. 
The formation of an isonitroso-derivative, containing the complex 
-C(NOH)-CO- is another point in which the two ketones resemble 
one another, but, without going into details, it may be stated that here 
any close analogy ceases to be apparent. 

One property stands out very prominently in the case of hydrindone, 
and that is the readiness with which this ketone forms condensation 
products, such as anhydrobishydrindone, truxene, benzylidenehydrin- 
done, acetonehydrindone, dc. (loc. cit.) ; camphor, on the other hand, 
shows no marked tendency either to undergo condensation with itself 
or to interact with aldehydes and ketones ; although when treated 
with energetic dehydrating agents, such as phosphorus pentoxide, zinc 
chloride, &c., it loses the elements of water giving cymene, or loses 
hydrogen giving carvacrol, it yields no compounds analogous to anhy- 
drobishydrindone or truxene, and although, in the form of its sodium 
derivative, it interacts with a number of aldehydes under particular 
conditions, as has been shown by Haller (Compt. rend., 1891, 113, 22), 
yet it does not seem to do so under conditions which, in the case of 
hydrindone, at once cause the formation of a condensation product. 
This last fact is all the more remarkable, inasmuch as Wallach has 
lately shown (Ber., 1896, 29, 1595) that a great number of cycloid 
ketones of various kinds interact readily with benzaldehyde, giving 
mono- and in some cases di-benzylidene derivatives. 

We have also found that the mono- and di-bromo-derivatives of 
a-hydrindone behave very differently from the corresponding deriva- 
tives of camphor when submitted to the action of alcoholic potash. 
Whereas a-monobromocamphor is very stable, and even when attacked 
is simply reduced to camphor, monobromhydrindone is very readily 
acted on by alcoholic potash at ordinary temperatures, giving a sub- 
stance of the composition C,,.H,,BrO,, two molecules of the monobromo- 
compound uniting together whilst the elements of hydrogen bromide 
are separated. 

This condensation product, which we name hydrindonylbromhydrin- 
done, and which has probably the constitution represented by the 


C,H,’ CH, CH,—C,H, 


formula x o-— CH. CBr— G 0 * erystallises in transparent monosym- 


metric prisms and has been examined crystallographically. 
Dibromhydrindone, unlike a-dibromocamphor—which is simply con- 
verted into monobromocamphor—also gives a condensation product 
when treated with alcoholic potash ; this compound has the composition 
C,,H,,BrO,, so that its formation may be expressed by the equation 
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2C,H,Br,0 - HBr — Br,=C,,H,,BrO,. It seems probable, therefore, 
that it is an ‘indonylbromhydrindone of the constitution represented 
by the formula yee OH ai le 

er OO ae 

This substance is interesting on account of the eagerness with which 
it takes up benzene, forming with it a compound of the composition 
C,,.H,, BrO,,C,H,, which erystallises in long, flat prisms. 

A somewhat similar condensation product is obtained when dibrom 
hydrindone is treated with sodium ethoxide in alcoholic solution ; this 
substance seems to have the composition C,,H,,BrO,*OEt, but being of 
little interest, it was not examined very fully. 

The tendency of hydrindone to undergo condensation is brought out 
again by the fact that, on treating the ketone with a warm solution of 
bromine in excess of caustic soda, a sparingly soluble substance of the 
composition C,,H,,O, is finally formed. In some experiments, we also 
observed the formation of dibromhydrindone, which seemed to indicate 
that this might be an intermediate product in the conversion of the 
ketone into the condensation product, but attempts to prepare the 
latter directly from dibromhydrindone were unsuccessful. The consti- 
tution of this condensation product is, perhaps, represented by the 
formula CoH i ae CoH, and for the sake of reference we name 

CO-—C(OH)—C— CO 
the substance indonylhydroxyhydrindone ; but in this, as in the fore- 
going cases, the evidence is too slight to afford a sure basis for a con- 
stitutional formula. 

The well-known conversion of camphoroxime into campholenic nitrile 
being a reaction of great interest, we made experiments with hydrin- 
done-oxime to see whether the latter could be caused to undergo a 
similar change, or whether it could be converted into hydrocarbostyril 
by treatment with mineral acids, just as it had been previously found 
to be transformed into that substance when submitted to the action of 
phosphorus pentachloride (/oc. cit.). Unfortunately, these experiments 
gave results of little interest ; the various agents which were tried 
apparently resolved the oxime into the ketone, the only products being 
anhydrobishydrindone and truxene, both of which are produced by the 
condensation of the ketone. 

An interesting sodium derivative of isonitrosohydrindone was dis- 
covered in the course of our work ; this crystallises from wet ether in 
pale yellow prisms, which, when gently heated, become bright scarlet, 
owing to a change in crystalline form; on keeping the scarlet modifica- 
tion at the ordinary temperature, it passes spontaneously into the pale 
yellow form in the course of a few hours. The corresponding potassium 
derivative has similar properties, and both compounds are decomposed; 
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to a greater or less extent, into isonitrosohydrindone and alkali hydr- 
oxide, when attempts are made to recrystallise them from hot water. 

The hydrocarbon, hydrindene, has been prepared from coal-tar indene 
by Kriimer and Spilker (Ber., 1890, 23, 3276) and has also been 
obtained synthetically by Perkin and Revay (Trans., 1894, 66, 228), 
but owing to the difficulties met with in both cases, our knowledge of 
the properties of this hydrocarbon is still incomplete. In the hope of 
obtaining it from hydrindone, we repeated and extended Kénig’s work 
(Inaug. Diss., Leipzig, 1889), trying first to reduce the ketone directly 
to the corresponding alcohol, and afterwards to prepare the alcohol 
indirectly by reducing hydrindone-oxime and then treating the base 
thus obtained with nitrous acid. We can fully confirm Kénig’s con- 
clusion that, owing to the formation of resinous products in most of 
the necessary operations, it is impracticable to use hydrindone~as a 
starting-point for the preparation of hydrindene. The conversion of 
hydrindone-oxime into amidohydrindone, however, takes place practi- 
cally quantitatively, and we have thus been able to further characterise 
the base by preparing and examining a number of its derivatives. The 
oxalate, acetate, and nitrate are described and also its benzoyl and 
benzylidene derivatives. 


EXPERIMENTAL. 


The first attempts which were made to prepare hydrindone by the 
method which had been so successfully employed only a year or so 
before (Trans., 1896, 66, 484), gave very poor results, and although 
particular care was taken to adhere strictly to the conditions which had 
previously been found to ensure success, the yield of hydrindone was 
very small ; it was thus ascertained that the quality of the aluminium 
chloride is also a most important factor in determining the course of 
the action, and that if this substance has been kept for some time even 
in well-stoppered bottles, the slight decomposition which it undergoes 
through absorption of moisture renders it practically useless for the 
conversion of hydrocinnamic chloride into hydrindone. Freshly-pre- 
pared aluminium chloride, however, gave results as satisfactory as 
those previously recorded. 


Hydrindonesemicarbazone, C,H,.N*-NH:CO-NH,. 


This is very easily prepared by dissolving the ketone in dilute 
alcohol, adding solutions of semicarbazide hydrochloride and potassium 
acetate in dilute alcohol, and then warming on the water bath. After 
a short time, a white, crystalline powder begins to separate, and finally 
the whole solution becomes a pasty mass of crystals. The product is 
collected, washed with water, and recrystallised from dilute acetic acid 
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from which it separates in beautiful, transparent prisms. These crys- 
tals are hydrated, and seem to contain 7H,0; for the combustion, a 
sample was dried at 100° until constant in weight. 


0:1686 lost 0:0654 H,O at 100°. H,O=38'8. 
02692 lost 0°1074 H,O at 100. H,O=39°9. 

0:2265 gave 0:°5256 CO, and 01216 H,O. C=63:3; H=6°0. 
C,,H,,N,0+7H,O requires H,O= 40-0 per cent. 
C,)H,,N,O0 requires C=63'5 ; H=5°9 per cent. 

Hydrindonesemicarbazone is only sparingly soluble in dilute alcohol, 
from which it is deposited in the form of a crystalline powder ; it is 
also rather sparingly soluble in ethylic acetate, and insoluble, or nearly 
so, in chloroform, benzene, and light petroleum. The hydrated crystals 
effloresce on exposure to the air, and rapidly lose their water of crys- 
tallisation when kept over sulphuric acid, crumbling to a colourless 
powder ; when heated moderately quickly, the anhydrous substance 
turns brown at about 220°, melting and decomposing at about 239°. 


Oxidation of Hydrindone and of Monobromhydrindone with Nitric Acid. 


Konig has already shown that hydrindone is oxidised to phthalic 
acid by dilute nitric acid, and our experiments gave a similar result ; 
homophthalic acid, even if formed at all as an intermediate product, 
is not present in any appreciable quantity, after the solution has been 
evaporated to crystallisation ; small quantities of a crystalline product, 
insoluble in a solution of sodium carbonate, were obtained in some 
experiments, but not sufficient for analysis. 

Monobromhydrindone (Trans., 1894, 66, 500) is also easily oxidised 
by boiling 10—20 per cent. nitric acid ; in this case, phthalic acid is 
produced, together with considerable quantities of dibromhydrindone. 
It seemed probable at first that the dibromo-compound was present as 
impurity in the sample of monobromhydrindone which we used, the 
former being invariably produced in small quantities on treating hydrin- 
done with one molecular proportion of bromine ; but as samples of the 
monobromo-derivative, which had been purified by distillation in steam 
(dibromhydrindone volatilises very slowly), and by recrystallisation, in- 
variably afforded the dibromo-compound on oxidation with nitric acid, 
we are convinced that this is due to an action analogous to that ob- 
served in the oxidation of a-bromocamphorsulphonic acid, As has 
been recently shown (Lapworth and Kipping, this vol., p. 1), this 
monobromosulphonic acid yields, amongst other products, a considerable 
quantity of di-bromocamphorsulpholactone when it is boiled with nitric 
acid, the bromine liberated from that portion of the acid which 
undergoes oxidation to sulphocamphoric acid acting on some of the 
unchanged compound. In the case of monobromhydrindone, there- 
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fore, it would appear that a portion is oxidised to phthalic acid with 
liberation of bromine, which then converts the still unchanged mono- 
bromo-compound into dibromhydrindone. 

Dibromhydrindone may be crystallised from hot nitric acid (sp. gr. 
1:4), by which it does not seem to be oxidised even when the solution 
is boiled for'some time ; it is also attacked with difficulty by a boiling 
solution of potassium permanganate in acetic acid. It dissolves in 
hot, concentrated sulphuric acid, but is precipitated unchanged on 
diluting, even after the solution has been gently heated ; quinoline at 
100° seems to be without action, although at higher temperatures 
tarry matter is produced. These facts show that dibromhydrindone is 
a relatively stable substance, comparable to dibromocamphor, except 
that it is easily attacked by alcoholic potash, as is shown later. 


Hydrindonylbromhydrindone, C,,H,,BrO,. 


When a solution of alcoholic potash is added toa cold alcoholic 
solution of monobromhydrindone, a beautiful violet coloration is ob- 
served, due possibly to the formation of an alkali derivative, somewhat 
analogousto that of methyl-ay-diketohydrindene (Wislicenus and Kotzle, 
Annalen, 1889, 252, 80) ; on continuing the addition of the alkaline 
solution, the violet gives place to a red or crimson colour, and potassium 
bromide is precipitated. As soon as the solution acquires a faint 
alkaline reaction, it is diluted with water, whereupon a grey, flocculent 
substance is precipitated, the potassium bromide passing into solution ; 
this precipitate is separated, washed with water, dried, and recrystal- 
lised two or three times from hot chloroform, from which it separates 
in colourless prisms. 

A sample which had been kept over sulphuric acid was analysed, 
with the following results. 


0:1532 gave 0°3564 CO, and 0:0608 H,O. G=63-45 ; H=4°-41. 
0:2212 gave 0°1220 AgBr. Br= 23°47. 
C,H, ,BrO, requires C= 63:34. H=3°81; Br=23-46 per cent. 
This substance, therefore, is a condensation product, two molecules 
of the monobromhydrindone having combined with separation of 
hydrogen bromide ; the unsaturated ketone, indone, the formation of 
which might have been expected, does not seem to be produced under 
the above conditions. Hydrindonylbromhydrindone crystallises from 
hot chloroform, benzene, or acetic acid, in which it is readily soluble, 
and from hot methylic alcohol, in which it is only very sparingly 
soluble, in small, lustrous, transparent needles or prisms, but on allow- 
ing its solutions in cold chloroform or ethylic acetate to evaporate 
Spontaneously, it is deposited in massive crystals (see below). Its 
melting point is very indefinite, partly, doubtless, because the substance 
decomposes, partly, perhaps, owing to the existence of different crystal- 
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line modifications ; whereas, for example, large prisms obtained from 
chloroform or ethylic acetate solution melt gradually from 170° to 178° 
turning black, similar prisms, previously crushed to a powder, melt 
sharply at about 166° when quickly heated from about 130°, at which 
latter temperature the large crystals appear to crack and undergo 
some change in form ; sometimes, however, the crushed prisms melt 
gradually from 166° to 175°, whereas the minute needles deposited 
from hot, dilute acetic acid melt gradually between 158° and 189°, 
decomposition taking place in both cases. 

When warmed with a solution of phenylhydrazine in acetic acid, 
hydrindonylbromhydrindone gives a deep blood-red coloration, but a 
crystalline hydrazone could not be isolated, the product being a tarry 
mass ; resinous or tarry substances are also formed when the compound 
is boiled with alcoholic potash. 

For the following description of the crystallographic properties of 
this substance, we are indebted to Mr. Davis, Assoc. C.G. Inst. 
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System.—Monosymmetrie. 
Forms observed, 
a= {100} c= {001} 
r = {101} r= {101} 


No. of — a 
observations. Limits. observations. Calculated. 


24 59°41’—60°59’ 60°22’ — 
14 59°2’ —59°30’ 59°16’ 59°16’ 
26 83°30’—85°3’ 84°23’ _ 

14 32°50’—34°0’ 33°38’ _ 
30°11’—30°35’ 30°23’ 80°27’ 
63°12’—64°35' 63°57’ 64°5’ 
61°31’—62°12' 61°53’ 61°59’ 
53°9’ —54°5’ 53°33’ 53°56’ 
70°2’ —71°9’ 70°49’ 70°54’ 
21°13’—22°40’ 21°58’ 21°52’ 
92°2’ —93°0’ 92°32’ 92°46’ 
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The crystals submitted were eminently unsuitable for goniometrical 
measurement. Though most of the faces were well developed, hardly 
one gave a distinct reflection. Many of the faces were so corroded 
that they gave no images at all; others, having a serrated surface, 
gave long strings of images of equal brightness. A large number of 
crystals were measured, but only one or two zones of measurement 
could be obtained from the same crystal, the corrosion being very 
irregular. 

The faces of the form 7’ {101} appear only as thin strips, both faces 
of the form not always being present. The faces of {101} are also 
very small, and give bad reflections. The pinakoid a{100} is the best 
developed form, but its faces are always very much corroded. There 
is a fair cleavage parallel to c{001}. The extinction on a{100} is 
straight. The interference figure is visible through a cleavage plate 
parallel to c{001}, the double refraction being positive. The optic axial 
plane is nearly parallel to a{100}. The optic axial angle is large. 


Indonylbromhydrindone, C,,.H,,BrO,. 


In preparing this substance, dibromhydrindone (5 grams) is dissolved 
in boiling alcohol (about 25 ¢.c.), and the solution is then rapidly 
cooled, so that the substance which separates is obtained in a fine state 
of division ; a solution of potassium hydroxide (about 2°5 grams) in 
aqueous alcohol is then slowly added, keeping the mixture cool, until 
the latter acquires a permanently alkaline reaction. At first, the 
mixture becomes a dirty green, darkening, as the alkali is added, to an 
indigo, and finally to a deep brown colour, during which changes the 
dibromhydrindone passes gradually into solution ; potassium bromide 
is then deposited, together with long, colourless needles of the new 
substance. The latter is separated, washed with warm water, dried 
on porous earthenware, and then boiled with a little light petroleum, 
to dissolve out any unchanged dibromhydrindone; the residue, on 
being re-crystallised from boiling benzene, separates in beautiful, colour- 
less needles or flat prisms. Further, small quantities of this product 
may be obtained by evaporating the original alcoholic filtrate and then 
proceeding as before, but this portion is less easily purified. 

Analyses of a preparation which had been crystallised from benzene 
and then kept over sulphuric acid for some time gave results which 
did not agree with those required for any probable formula, and the 
combustions made at different times did not give concordant results ; 
this was due to the fact that the substance crystallises with 1 mole- 
cule of benzene, and although the latter is rapidly expelled at 100°, 
it seems to escape only very slowly in a desiccator at the ordinary 
temperature. 

A sample, freshly crystallised from benzene and then exposed for a 
short time in the air, was analysed with the following results. 

VOL, LXXI. 8 
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0:2156 lost 0:0457 at 100°, darkening slightly, C,H, = 21:2. 
0°1468 gave 0°3680 CO, and 0°0540 H,O. C = 69°05; H = 4°1. 
C,,H,,BrO,, C,H, requires C=69°0; H=4°1; C,i1,=18°7 per cent. 
Samples recrystallised from chloroform, however, gave the following 


results :— 
0°1525 gave 0°3584 CO,, and 0°0445 H,O. C = 64:1; H = 3:2. 
0°2336 gave 0°5465 CO,, and 0°0688 H,O. C = 63:8; H = 3:3. 
C,,H,, BrO,, requires C = 63°7; H = 3:2; Br = 23°6 per cent. 


Two determinations of the bromine gave 23°5 and 23°3 per cent. 
respectively, but there is some doubt as to whether the samples were 
obtained by crystallisation from ethylic acetate, or whether they were 
crystallised from benzene, and then left over sulphuric acid for some 
months ; in any case, the above analyses are sufficient to establish the 
composition of the substance. 

The crystals containing benzene are long, colourless, flat prisms 
which, when slowly heated from about 80°, sinter and begin to turn 
brown at about 110°; as the temperature rises, the substance becomes 
solid again and lighter coloured, until, at about 150°, it decomposes and 
blackens, giving off gas ; when, however, the capillary tube containing 
the crystals is plunged into the bath, previously heated to 130°, the 
substance melts immediately, and effervesces, turning reddish-brown, 
then solidifies, and melts again at about 150° to a black liquid. 

As already stated, these crystals seem to lose their benzene, but only 
very slowly, when they are kept over sulphuric acid, as they undergo 
slight discoloration, and also change in form, becoming a mass of small 
needles ; when warmed with methylic alcohol, they become opaque, and 
change into a white powder consisting of microscopic needles. If, 
on the other hand, the substance is quickly crystallised from acetic acid, 
it is obtained as a colourless powder; which, when covered with warm 
benzene, rapidly increases in bulk and changes to a mass of long prisms 
owing to combination with the solvent. 

Indonylbromhydrindone is very readily soluble in chloroform, but 
only moderately so in acetic acid, and very sparingly in cold methylic 
alcohol ; it separates from a cold mixture of chloroform and methylic 
alcohol in well-defined, transparent prisms, which become opaque at 
95—100°, and melt to a black liquid at 150—165°; if heated rapidly 
from 150°, no visible change occurs until about 160°, and then the 
substance begins to darken, and decomposes completely at 175—180°. 

On treating a solution of the substance in chloroform with a little 
bromine, the halogen is slowly absorbed, hydrogen bromide being 
evolved in small quantities; the product is a yellowish, crystalline 
sparingly soluble powder, but it was not analysed. 

When dibromhydrindone is treated with an alcoholic solution of 
sodium ethoxide instead of with alcoholic potash, other conditions re- 
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maining as already described, a similar blue or violet coloration is pro- 
duced, and a crystalline compound is easily isolated from the solution ; 
a sample, purified by recrystallisation from alcohol and dried over sul- 
phuric acid, gave on analysis the following results, 


0'1531 gave 0°3510 CO,, and 0°0570 H,O. C = 62:6; H = 4:1. 
C,,H,,BrO,"OEt requires C = 62°6 ; H = 3°9 per cent. 


From this it would seem that this product is closely related to 
indonylbromhydrindone, of which it is probably an ethoxy-derivative, 
but it was not examined very fully, as it appeared to be of little 
interest. 

It crystallises from alcohol in colourless lamine, or in compact prisms 
which melt and decompose at 173—174°; it dissolves freely in hot 
chloroform, acetone, and benzene, but is only moderately soluble in 
ethylic acetate and alcohol, and comparatively sparingly soluble in cold 


ether. 


Indonylhydroxyhydrindone, C,,H,,03. 


When hydrindone is placed in a stoppered bottle together with a 
considerable quantity of a warm solution of bromine in excess of 
caustic soda, it melts to a colourless oil, but on warming on the water 
bath for some hours, shaking from time to time, this oil gradually 
turns brown and becomes more viscous, and is finally partly converted 
into a light brown solid; the latter is separated, washed with dilute 
alcohol to free it from all impurities, and recrystallised from boiling 
acetic acid ; for analysis, a sample was dried over sulphuric acid. 


0'1476 gave 0°4220 CO,, and 0:0644 H,O. C= 780; H= 48. 
0'1449 gave 0°4152 CO,, and 00602 H,O. C= 782; H = 4°. 
C,,H,,0, requires C = 78°9; H = 4:4 per cent. 


In some experiments, apparently when the mixture was shaken 
vigorously for a short time, the oil was quickly converted into a white, 
flocculent substance, which was proved to be dibromhydrindone by its 
melting point and other properties, and also by analysis. 

Indonylhydroxyhydrindone is only sparingly soluble in boiling 
ethylic acetate, benzene, chloroform, and acetic acid, from all of which 
it is deposited in small, colourless needles on cooling ; it has not a 
definite melting point, but begins to turn yellow at about 230°, and 
then gradually decomposes, although it does not liquefy even at 
250°. 

Attempts to throw some light on its constitution were unsuccessful, 
and the name assigned to it above is therefore merely a provisional 
one. Although it seems to interact with phenylhydrazine in acetic 
acid solution, the product consisted of a tar from which a crystalline 
compound could not be isolated. It is only sparingly soluble in boil- 
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ing acetic anhydride, from which it separates in part unchanged, but 
if the solution is boiled during some hours, crystals are not deposited 
on cooling, and a brown, resinous substance is formed. 


Action of Mineral Acids on Hydrindone-oxime. 


The experiments which were made in order to compare the behaviour 
of hydrindone-oxime towards mineral acids with that of camphor- 
oxime, may be very briefly described, as they led to results of little 
interest. 

When hydrindone-oxime is heated with a little concentrated hydro- 
chloric acid, it slowly dissolves, but after some time crystals make 
their appearance, and the whole gradually becomes semi-solid. This 
crystalline product consists of a mixture of anhydrobishydrindone and 
truxene, and on allowing the hydrochloric acid filtrate to stand, it 
deposits a small quantity of a colourless substance melting at about 
164° ; the latter consists of the hydrochloride of hydrindone-oxime. 

When concentrated hydriodic acid is employed in the place of 
hydrochloric acid, the solution rapidly becomes dark brown, owing to 
the liberation of iodine, and a considerable quantity of anhydrobis- 
hydrindone is obtained after heating for a short time, but apparently 
truxene is not formed. 

These results show that hydrindone-oxime behaves quite differently 
from camphor-oxime, as indeed was to be expected, assuming that the 
formation of campholenic nitrile takes place in the manner suggested by 
Bredt. ; 

Alkali Derivatives of Isonitrosohydrindone. 


In the course of some experiments on the reduction of isonitroso- 
hydrindone (Trans., 1894, 66, 492),it was noticed that, on adding sodium 
amalgam to an alcoholic solution of the isonitroso-compound, a bright 
red or scarlet substance was gradually deposited as the pieces of amal- 
gam passed into solution; this substance proved to be the sodium 
derivative of isonitrosohydrindone, but it may be more conveniently 
prepared simply by dissolving the isonitroso-compound in a little 
sodium ethoxide, and then precipitating with alcoholic ether ; the 
yellow, crystalline substance thus obtained was purified by recrystallisa- 
tion from moist ether, dried in the air, and analysed. 


0°1167 gave 0:0448 Na,SO,. Na = 12°5 per cent. 
C,H,NO,.Na requires Na = 12°6 per cent. 


This sodium derivative crystallises from cold alcohol, and from moist 
ether in pale canary-yellow prisms, and it is moderately easily soluble 
in hot methylic alcohol, but insoluble, or nearly so, in dry ether, chloro 
form, and light petroleum. It dissolves freely in hot water, but it 
is at the same time decomposed to a greater or less extent into sodium 
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hydroxide and the isonitroso-compound ; on allowing the solution to 
cool, it deposits crystals which are free from sodium, and which have 
the same melting point as isonitrosohydrindone. 

When the yellow, undried crystals of the sodium derivative are 
heated, they change, even at temperatures below 100°, into a scarlet 
substance, and when previously dried they also undergo this transfor- 
mation, but, apparently, not at so low a temperature ; when, on the 
other hand, the scarlet substance is kept at the ordinary temperature, 
it gradually assumes its original pale yellow colour. 

This change in colour is caused by a change in the crystalline form 
of the substance, and the following account includes the result of an 
examination of the crystallographic properties of the two modifications 
which was made for us by Mr. W. J. Pope. 

“The crystals consist of very small, thin, flattened, transparent 
orthorhombic needles, which show the forms {100}, {010}, and {011}, 
and are elongated in the direction of the c-axis, and flattened in that of 
the a-axis ; they can, therefore, be examined through the faces of {100} 
only. They are pleochroic, appearing colourless in light the plane of 
polarisation of which is parallel to the c-axis, and of a brilliant straw 
yellow colour in light polarised parallel to the b-axis. The optic axial 
plane is (010), and the a-axis is a positive bisectrix ; the optic axes lie 
outside the field of a ;4,th immersion objective, and the interference 
figure is the normal orthorhombic one ; the angle (011) : (011) =110°, 
whence 6:c=1:0°7 (approx.).” 

“On heating to 70 — 80°, the transparent, yellow needles are converted 
into a nearly opaque red or scarlet modification, although still preserv- 
ing their shape ; the new crystals show aggregate polarisation, and are 
unsuitable for further examination. By rapid heating, the yellow 
crystals may be obtained partially covered with red patches; in oil, 
this red modification is permanent for some days at the ordinary 
temperature, but in the air it becomes wholly reconverted into the 
yellow one in the course of a few hours.” 

It may be noted that the scarlet modification of the sodium deriva- 
tive may also be obtained directly from solution by boiling down an 
alcoholic solution of the compound until a considerable quantity of the 
substance has separated ; in this case, the temperature is above that 
at which the yellow modification is stable. An aqueous solution of the 
sodium derivative, to which a little sodium carbonate has been added, 
is of a pale yellow colour, but it becomes distinctly darker, and 
assumes a reddish-brown hue, on warming, becoming pale yellow again 
on cooling ; the cause of this phenomenon is, probably, dissociation. 

The potassium derivative of isonitrosohydrindone closely resembles 
the sodium derivative in all ordinary properties, and, like the latter, 
exists in a yellow and in a bright red crystalline modification. 
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Hydrindoneazine. 


Hydrindone interacts readily with hydrazine, giving a beautiful, 
yellow, crystalline product, which is formed in accordance with the 
following equation : 

20,H,0 + N,H, =C,H,:N-N:C,H, + 2H,0. 

In preparing this substance, an aqueous solution of excess of hydra- 
zine sulphate is added to an alcoholic solution of the ketone, the 
mixture is warmed on the water bath, and small quantities of a solution 
of potassium hydroxide are added from time to time ; interaction soon 
occurs, and dirty yellow crystals are deposited. When no further 
separation takes place, the solution is filtered, and the residue washed 
with hot water, dried, and recrystallised from boiling benzene. The 
ketazine is thus obtained in lustrous needles or prisms having the 
colour of quinone ; a sample dried at 100° gave the following result on 
analysis. 

0:1928 gave 0:5900 CO, and 01110 H,O. C=83-46 ; H=6°39. 

C,,H,,N.requires C= 83-08 ; H=6°15 per cent. 


The ketazine separates from chloroform in large, well-defined, flat 
prisms, and from methylic aleohol in compact rhomboidal plates, or in 
large, flat, fern-like forms ; it is very readily soluble in boiling chloro- 
form and acetic acid, and dissolves freely in boiling acetone and 
benzene, but is only sparingly soluble in boiling methylic alcohol 
and in light petroleum. It melts at 164—165°, when heated rather 
rapidly from 100°, decomposing slightly, and turning a darker yellow. 
It seems to be insoluble in cold hydrochloric acid, but on heating, it 
becomes lighter coloured, and then dissolves, being decomposed, 
apparently with formation of hydrindone. 


Amidohydrindene and its Derivatives. 


Amidohydrindene (hydrindamine) has already been described by 
Konig (/oc. cit.), who prepared it by reducing hydrindone-oxime with 
sodium amalgam in acetic acid solution; in making large quantities 
of this base, we have found that the following method leaves little to 
be desired. The oxime is dissolved in dilute acetic acid, a small 
quantity of sodium amalgam added, and the whole well shaken until 
the amalgam is decomposed, the solution being allowed to become 
warm by the heat developed during the process; the addition of 
amalgam is then continued, the solution being kept acid, until n0 
precipitate is produced on treating a portion with water. The filtered 
solution is then rendered strongly alkaline, the base distilled in a current 
of steam, collected in hydrochloric acid, and the solution of the hydro 
chloride evaporated ; the salt is thus obtained in colourless crystals 
having the properties described by K6nig (doc. cit). 
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Amidohydrindene oxalate, 2C,H,,N,H,C,0,, is obtained when the 
base is neutralised with a solution of oxalic acid, and the mixture evapo- 
rated ; it crystallises from water in rosettes of opaque, white prisms, 
and is only moderately soluble in water and sparingly so in cold 
methylic alcohol. 

A sample was analysed with the following result. 

0:2136 gave 05288 CO, and 0:1318 H,O. C=67°5; H=6°9 

2C,H,,N,H,C,0, requires C = 67°4 ; H= 6:7 per cent. 


Amidohydrindene acetate, prepared in a similar manner, is obtained 
as a syrup when the solution is evaporated, but it gradually solidifies 
to a mass of long, silky needles, and after having been spread on a 
porous plate, it may be recrystallised from cold water; it is thus 
obtained in beautiful, transparent prisms which seem to contain water 
of crystallisation, as they melt gradually from about 74° to 100°, giving 
a colourless liquid which appears to boil at about 140° ; if, after leaving 
the melted substance at this temperature for some time, it is caused to 
crystallise by cooling, it melts at 113—115° when heated for the 
second time. 

Amidohydrindene nitrate was obtained in the course of some experi- 
ments on the action of nitrous fumes on an ethereal solution of the 
base, and may also be obtained by treating the base with dilute nitric 
acid; it crystallises in long, colourless prisms and dissolves very 
readily in water, but is insoluble, or only sparingly soluble, in dry 
ether. 

Benzoylamidohydrindene, C,H,*NH-CO-C,H,, is a well-defined, crys- 
tallised compound which serves as a means of identifying the base. 
It is very easily prepared by treating the base or its hydrochloride 
with 10 per cent. potassium hydroxide and benzoyl chloride in the 
usual manner ; the oily base is thus rapidly converted into a solid or 
pasty mass, which is separated by filtration, washed with dilute alcohol 
and recrystallised. 

A sample was analysed with the following result. 

0°2063 gave 0°6106 CO, and 01195 H,O. C=80°'7 ; H=6:4. 

: C,,H,,NO requires C=81:0 ; H=6°3 per cent. 

Benzoylamidohydrindene is readily soluble in alcohol, from which 
it crystallises in colourless, silky needles melting at 142—143°; it is 
very readily soluble in chloroform, ether, acetic acid, and ethylic 
acetate, but insoluble or nearly so in light petroleum. It dissolves in 
concentrated sulphuric acid, giving a dark red or crimson solution 
which has a green fluorescence, but on adding water the colour vanishes. 

Benzylideneamidohydrindene, C,H,N:CH:C,H,, is formed when the 
base is treated with an alcoholic solution of benzaldehyde and a few 
drops of potash; a better method of preparation, perhaps, is to 
dissolve the base, together with a slight excess of benzaldehyde, in 
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ether, keeping the solution at the ordinary temperature for about 6 
hours. The ether is then evaporated, the residue boiled with water 
until free from benzaldehyde, and then recrystallised from dilute 
alcohol; the compound is thus obtained in clusters of transparent 


prisms which melt at 74—75°. 


0:2506*gave 0°7914 CO, and 0:1534 H,O. C=86:2; H=68. 
C,,H,;N requires C= 86:9, H=6'8 per cent. 


A great many experiments were made with the object of converting 
amidohydrindene into the corresponding hydroxy-compound by the 
action of nitrous acid, but although the conditions were modified in 
various ways, it was found impossible to avoid the production of a 
large quantity of resinous matter, and, as Konig had previously 
stated,“sthe yield of hydroxy-compound was invariably very poor. 
Equally*poor results were obtained on passing the fumes evolved by 
the action of nitric acid on arsenious oxide into an ethereal solution 
of the base ; the nitrate, already described, separated from the ethereal 
solution in brownish crystals, but otherwise little action seemed to 
occur. 

The direct conversion of hydrindone into the alcohol also seems to 
be impracticable. Konig, who tried the action of various reducing 
agents, obtained in all cases a considerable quantity of a crystalline 
pinacone, and our experience has been the same. Even a neutral 
reducing agent, such as aluminium amalgam, fails to bring about the 
desired result, as in this case also the principal product is a crystalline 
compound melting at about 143°, evidently the pinacone. It may be 
mentioned also that this pinacone is formed by the action of nitrous 
acid on the base, 2 somewhat unusual reaction, which is probably the 
result of oxidation. 

We can also confirm Kénig’s statement that the (impure) alcohol, 
prepared by treating the base with nitrous acid and purified by 
distillation in a current of steam, is very easily converted into 
resinous compounds when it is warmed with hydriodic acid. This 
being the case, it seemed useless to continue these attempts to convert 
the ketone into hydrindene. 
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XXI.—The Amyl (secondary Butyl-methyl) Derwatives 
of Glyceric, Diacetylglyceric, and Dibenzoylglyceric 
Acids, Active and Inactive. 


By Percy Frankuianp, Ph.D., B.Sc., F.R.S., and Tuomas SLATER 
Price, B.Se., late Priestley Scholar in Mason College, Birmingham. 


THE preparation of the above derivatives is attended with particular 
interest for several reasons. Firstly, because, in the series of glycerates 
and diacetylglycerates, it has been shown by one of us that a maximum 
rotation is attained,* and that this maximum falls, either on the 
butylic, amylic, or hexylic terms of each series, and of these three 
terms hitherto only the butylic has been prepared. One of the objects 
of this investigation was, therefore, to ascertain whether the possession 
of the maximum really rests with the butylic term, or whether the 
rotation of the latter is surpassed by that of the amylic compound. 
Again, in the case of the series of the dibenzoylglycerates, only the 
methylic, ethylic, and propylic compounds? have so far been studied, 
so that the preparation of the amylic term should materially increase 
our knowledge of the rotation phenomena exhibited by this series. 
Lastly, the amyl radicle can be introduced in both an active and 
an inactive (racemised) form, so that the effect of one asymmetric 
carbon atom on another can be submitted to examination. It might 
at first sight appear unfortunate for the success of this investigation 
that active amylic alcohol is not known in a pure state, but it will be 
readily understood that, for the first two purposes mentioned above, the 
principal] interest lay in the introduction of the inactive (racemised) 
amyl radicle, so as to enable a comparison to be instituted between the 
rotation of the amylic compound of the active acids in question, and 
that of the compounds of these acids already prepared, all of which 
compounds have contained inactive radicles only. Again, as regards 
the last purpose referred to above, it has been repeatedly shownt that 
comparative rotation results are obtained in working with a mixture 
of an active compound and its racemoid, provided the proportion 
between the two constituents of the mixture remains invariable 
throughout. 

The amylic compounds which we have prepared have all been 
obtained from one and the same amylic alcohol, exhibiting a levo- 
rotation, 

[a]p"° = — 4°62°, 


* Perey Frankland and MacGregor, Trans,, 1893, 1410 ; 1894, 750. 
+ Percy Frankland and MacGregor, Trans., 1896, 104, 
+ Guye and Chavanne, Compt, rend., 1894. 
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and, for the purposes of this investigation, this may be regarded as the 


rotation of pure levo-amylic alcohol. 
It is obvious that, of any of the above three acids, no less than nine 


amylic compounds can be prepared ; for instance, in the case of glyceric 


acid, 
(1) Amylic (dextro) glycerate (dextro). (2) Amylic (levo) glycerate (levo). 
(3) Amylic (levo) glycerate (dextro). (4) Amylic (dextro) glycerate (levo). 
(5) Amylic (inactive) glycerate (dextro). (6) Amylic (inactive) glycerate (levo). 
(7) Amylic (dextro) glycerate (inactive). (8) Amylic (levo) glycerate (inactive). 
(9) Amy] (inactive) glycerate (inactive). 
Of these (5) is really a mixture or compound of (1) and (3) 
” ” (2) ” (4) 
» (1) 5 (4) 
» (2) » (8) 
» (1); (2), (3), and (4), 
or of (5), (6), (7), and (8). 

No. (9), being devoid of rotatory power, is without interest for us, 
and can, therefore, be dismissed for the present. 

The materials at present at our disposal for the preparation of these 
compounds are (a) inactive amylic alcohol (secondary butylcarbinol) 
(obtained by racemising the original alcohol), (6) levo-amylic alcohol, 
(c) inactive glyceric acid,and (d) dextro-glyceric acid (obtained by 
fermentation of the inactive calcium glycerate by the bacillus ethace- 
ticus"). To these might be added dextro-amylic alcohol obtained by 
Le Bel (Bull. Soc. Chim., 1879 [2], 31, 104, and Compt. rend., 1878, 87, 
213) by the growth of moulds in the racemised alcohol, but for practical 
purposes this material may be excluded from the list. The rotation 
properties of all these eight ethereal salts can, however, be evaluated 
from a knowledge of those properties for (5) and (8) alone, by the use 


of two principles. 
a, That the optical antipodes have the same rotation, but with 


opposite sign. 

f. That the optical effect of each asymmetric carbon atom is 
exerted independently of that of the other asymmetric carbon atoms 
which may be present in the molecule, the optical effect of the whole 
molecule being the algebraic sum of the optical effects of the several 
asymmetric carbon atoms which it contains. 

Thus let the rotations of 

(1)=A, (2)= B, (3) =C, (4)=D, (5)=E, (6) =F, (7) =G, (8)=H, 

then E+H=0C, but C= —-D, 

again E= -F and H= —G, 

but E+G=A and -A = — B, 

Thus A, B, C, D, E, F, G, and H are all known. 

* Percy Frankland and Frew, Trans., 59, 1891, 96, 
t Guye and Gautier, Compt, rend., 1894, 


GLYCERIC, DIACETYLGLYCERIC, ETC., ACIDS. 255 


Inthe present investigation, we have prepared (5) and (8), as well 
as (1), not only for glyceric, but also for diacetylglyceric and diben- 
zoylglyceric acids respectively. We have thus tested the second of the 
above principles, and it will be shown that we have found it to hold 
good ; the first principle is so well established that it would be almost 
waste of time to test it further, so that by means of the above 
formulz, the rotation of all the eight compounds can be calculated. 
Thus, of the three acids, we have obtained the rotation of 24 compounds 
and molecular mixtures by the actual preparation of 9, and have thus 
shown that the preparation of 6 would have been really sufficient for 


the purpose. 
H 


l 
Amylie Alcohol (Secondary butylcarbinol), CH,-C-CH,OH. 
l 
C,H, 


The amylic alcohol used in this investigation was levo-rotatory, 
giving ap = —7°53° in a 200 mm. tube at 15:3”. 

An attempt was made to further purify it by fractional distillation, 
and in this way two fractions were obtained, distilling at 128—130° 
and 130—131° respectively. The activity of these two fractions 
was, however, so similar, namely ap = — 7°64° and —7°42° in a 200 mm. 


tube, that it would have served no useful purpose to employ them 
separately, and, therefore, the original alcohol was used throughout. 
Its density was d 11°/4° = 0°8237, and its specific rotation at 11°[a])"° = 
— 4°62", 

As, for some of our proposed compounds, this alcohol was required 
in an inactive state, we endeavoured, in the first instance, to racemise 
it by means of sodium hydroxide. For this purpose, 30 c.c. of the 
alcohol were boiled with 0°5 gram sodium hydroxide for 4 hours, 
using a reflux condenser. On subsequent distillation, it passed over at 
129—131°, and on polarimetric examination gave, 

ap = —7°52° in a 200 mm. tube at 15’. 
This treatment had, therefore, practically left its activity unchanged, 
The treatment was repeated, using a much larger quantity of sodium 
hydroxide; 45 grams of the alcohol were heated on the water bath 
with 40 grams of sodium hydroxide for 7 hours. The sodium hydr- 
oxide was appreciably dissolved, but a large excess remained unaffected. 
The alcohol was poured off from the sodium hydroxide, and the latter 
washed several times with cold water, the washings being added to 
the alcohol. The alcoholic liquid was then acidified with sulphuric 
acid, and the aleohol separated from the aqueous layer. The former 
was dried with sodium hydroxide and then distilled ; it passed over at 
127—129°, and gave, 

@y= —7'1° in a 200 mm. tube at 16°. 
The activity had thus been but little affected by the treatment. 

T 2 
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In the next instance, 25 c.c. of the alcohol, which had been treated 
as above, were heated in a sealed tube with 0°5 gram of sodium 
hydroxide at 170° for 7 hours. On subsequent distillation, the 
alcohol came over at 129° and exhibited 

@y = — 4°85° in a 200 mm. tube at 15°5°. 
The activity had thus been materially reduced, but by no means 
destroyed. 

Finally, the racemisation was effected by heating 40 grams of the 
alcohol on a water bath and adding 4 grams of metallic sodium in 
small portions at a time; the whole of the sodium, however, did not 
dissolve. The amylate, which was liquid at 100°, was poured off from 
the sodium into a pressure tube, which was then sealed and heated 
for 3 hours at 206°. The amylate was then treated with a slight 
excess of hydrochloric acid, and the alcohol separated and dried over 
lime ; the greater part of it distilled at 129°, and was found to be 
quite inactive. All the inactive alcohol referred to in the following 
pages was prepared in this way. 

Amylic (active) Glycerate (inactive.) 

This was prepared in the manner already frequently described by 
one of us in connection with other ethereal salts of glyceric acid. The 
glyceric acid, obtained from 35 grams of inactive calcium glycerate, 
was divided into two portions, concentrated to a syrup, and each por- 
tion heated along with 40 c.c. of active amylic alcohol in a sealed tube 
for 8 hours at 150°. On opening the tube, the excess of alcohol * was 
distilled off under reduced pressure below 80°, the amylic glycerate 
subsequently passing over at 150—157° (about 9 mm. pressure). The 
yield was 25 grams. This crude product was dried over calcium 
chloride, and then purified by fractional distillation until of constant 
rotation ; the final boiling point was 144—147° (about 5 mm. press.). 
The amylic glycerate thus obtained was a fairly mobile liquid of un- 
pleasant odour and bitter taste. On combustion, the following results 
were obtained. 

0:2542 gave 0°5073 CO, and 0:2192 H,O. C=54°42; H=9-58 

02580 ,, 05150, ,, 02170 , C=54°43; H=9-34 

02181 ,, 04350 , ,, O-1796 ,, C=54:39; H=9°15 

O,H,,0, requires C= 54°54 and H=9°09 per cent. 

* This excess of alcohol was dried over lime, and after distillation (b. p. 126—129°) 
it gave a specific rotation [a],"-° = —4°76° and density 11°4°/4° = 0°8233. The 
rotation is thus slightly higher than that of the original alcohol, showing that 
one of the constituents had etherified more perfectly than the other. This does not, 
however, necessarily mean that the dextro-amylic alcohol had etherified more rapidly 
than the levo-compound, for all active amylic alcohols hitherto prepared probably 
contain some iso-amylic alcohol, CH(CHg).*CH,*CH,°OH, and this is known to 
etherify more easily than the active aleohol—in fact, on this property depends Le Bel’s 
method (Compt. rend,, 77, 1021) of purifying the active alcohol. 
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Rotation of Amylic (active) Glycerate (inactive). 
Observed rotation Density compared 
Temp. ap in 92°35 mm. tube with water at 4°. [a]p 
+ 2°85° 1:0807 (experiment) + 2°86° 
+2°71 1:0505( ss, ) +2°79 
+275 1:0685 (interpolated) +2°79 
+ 2°90 1-0802 ( ~ ) +2°91 


The activity of this substance is, therefore, hardly at all influenced by 
temperature ; if anything, with increase of temperature, the positive 
rotation diminishes very slightly, but the change is hardly, if at all, 
beyond the range of experimental error as can be seen from Fig. 1. 


Fic. 1.—Specific Rotation of Amylic Glycerates. 


+--+ 41+ 4H 


30° 35° 
Temperature C. 


Amylic (active) Diacetylglycerate (inactive). 


Twelve grams of the above amylic glycerate were gradually added to 
twice the calculated quantity of acetyl chloride heated to 50°. When 
the reaction had ceased, the excess of acetyl chloride was distilled off 
under reduced pressure, the diacetylglycerate subsequently passing 
over at 163—165° (about 12 mm. press.). Sixteen grams of this crude 
product were obtained, which was distilled until of constant rotation. 
The amylic diacetylglycerate is a more mobile liquid than the amylic 
glycerate ; it. has a peculiar odour and bitter taste. 
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On combustion, it gave the following results, 
‘2286 gave 0°4620 CO, and 0:1600 H,O, C=55:12; H=7°77. 
‘2138 ,, 0°4327-,, ,, 01524 ,, C=55:19; H-7°92. 
C,,H,,0, requires C =55°38 and H=7°69 per cent. 
Rotation of Amylic (active) Diacetylglycerate (inactive). 


Observed rotation Density compared 
Temp. ap in 92°35 mm. tube. with water at 4°. [@]p. 


11° + 167° 1-0863 +166 

49°7 + 1°62 1:0488 + 1°67 
The density determinations made were d 11°/4° = 1:0863 and d 50°/4° = 
1:0485. The substance is, therefore, practically insensitive to tempera- 
ture as regards specific rotation. (See Fig. 2.) 


Fic. 2 —Specific Rotation of Amylic Diacetylglycerates. 


40° 50° «0? 70° 80° 90° 
PT tt 
ee 
i 


Temperature C’ 


Amylic (active) Dibenzoyglycerate (inactive). 


145 grams of amylic (active) glycerate (inactive) were added slowly 
to twice the theoretical quantity of benzoyl chloride, which was heated 
to 135°, and finally to 160°, until reaction was complete. The ex- 
cess of benzoyl chloride was distilled off under reduced pressure, the 
crude product, which weighed 17 grams, subsequently passing over at 
262—268° (about 7 mm. press.). After redistillation, the ethereal salt 
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crystallised for the most part; it was repeatedly recrystallised from 
methylated spirit until of constant melting point (36—36°5°). It was 
also obtained in a crystalline form from light petroleum, methylic 
alcohol, ethylic alcohol, ether, acetone, and benzene. Recrystallisa- 
tion from isobutylic alcohol did not affect the melting point. The 
crystals were prismatic, and terminated by pyramidal faces, 


0°15775 gave 0°3958 CO, and 0:0900 H,O. C=68-43; H=6°34. 
0-2029 ,, 05101 , ,, O1151 ,, C=68.56; H=6-30. 
C,,H,,0, requires C= 68°75 ; H = 6-25 per cent. 


Rotation of Amylic (active) Dibenzoylglycerate (inactive). 


Observed rotation Density compared 
Temp. a» in 92°35 mm. tube. with water at 4°. 
36°6° +1:77° 1°1265 
37 +179 1°1262 
99 +159 1:0755 


The density determinations actually made were d 40°/4° = 1:1237 and 
ad 99: °/4° =1:0749. 
Fic. 3.—Specific Rotation of Amylic Dibenzoylglycerates. 
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The specific rotation is thus hardly affected by temperature (see Fig. 

3); its rotation in benzene solution was also determined for several 

concentrations, . 
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Rotation of Amylic (active) Dibenzoylglycerate (inactive) in Benzene 
Solution.—It has been shown by one of us (Percy Frankland and 
Pickard, Trans., 1896, 69, 128) that methylic dibenzoylglycerate (active) 
gives a higher specific rotation in benzene solution than when examined 
in the superfused state, and, further, that the specific rotation is the 
greater the more dilute the solution. It appeared, therefore, of 
interest to ascertain what would be the behaviour in this respect of 
amylic (active) dibenzoylglycerate (inactive); the rotation of the 
latter in benzene solution was determined with the following results. 


Rotation of Amylic (active) Dibenzoylglycerate (inactive) in Benzene 
Solution. [a]p in liquid state= + 1°70° 
Grams of Density Observed 
esterin compared rotation ap in 


Gramsof Gramsof 100grams withwater 198°4mm. 
Temp. ester. solvent. solution. at 4°, tube. [a]p. 


16° 1°0026 178874 5°31 0°8941 +0°20° +2°12° 
16 3°6531 15°3407 19°23 0°9247 +0°74 + 2°10 
18 5°1362 13°6831 ~ 27°29 0°9409 +0°'97 +1°90 


The specific rotation in benzene solution was thus found to be 
slightly but distinctly in excess of that of the pure substance in the 
fused state, and to diminish slightly with increasing concentration. 

We have also determined the rotation of the active amylic alcohol 
in benzene solution with the following results. 


Rotation of Active Amylic Alcohol in Benzene Solution. Rotation of 
the pure alcohol [a]p = — 4°62. 
Grams of Density Observed 
alcoholin compared rotation in 


Grams of Grams of 100grams withwater 198°4 mm. 
Temp. alcohol. solution. solution. at 4°. tube. [a]p. 


16° 1°0743 18°7769 5°72 0°8779 ~ 0°41° -4:11° 

16 3°3642 18°8512 17°85 0°8688 ~ 1°26 — 4°10 

16 5°3199 19°9857 26°62 0°8626 — 1°83 — 4°02 

16 6°1978 19°6058 31°61 0°8595 — 2°24 - 4°15 

Thus the negative specific rotation of the amylic alcohol is less in 
benzene solution than in the pure state. 

Saponification of Amylic (active) Dibenzoylglycerate (inactive).—This 
was effected in order toascertain whether the amylicalcohol recovered had 
the same activity as the amylic alcohol originally employed, or whether 
any change had been effected through its transformation, firstly, into 
amylic glycerate, and subsequently into amylic dibenzoylglycerate. 

Twenty-five grams of the ethereal salt were mixed with twice the 
theoretical quantity of baryta dissolved in water,and heated for 55 hours 
on a water bath, using a reflux condenser, it had disappeared. The 
liberated alcohol was removed by steam distillation, and separated 
from the aqueous distillate by adding common salt, and ultimately by 
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shaking out withether. After drying with potassium carbonate and 
distilling off the ether, the amylic alcohol passed over at 128—129°. 
A blank experiment was also made, in which some of the original 
amylic alcohol was digested with baryta and otherwise similarly treated 
inevery particular. On polarimetric examination, these two specimens 
of amylic alcohol gave the following results. 
Amylic alcohol (from blank experiment). 
ap = — 1°86° in 50 mm. tube at 17°8°. d17°8°/4°=0°8192 
‘ . [a }pl?® = — 4°54". 
Amylic alcohol (from saponification of the ethereal salt.) 
[a],= —1°94° in 50 mm. tube at 17°, assuming this to have the 
same density as the other specimen, then 
[a]p!? = -—4°73° 
the original alcohol had the specific rotation [a],!!° = — 4°62°, thus 
the difference between the two is very slight. 


Amylic (active) Glycerate (active). 


This was prepared in the same way as the amylic glycerate described 
above, excepting that active glyceric acid (dextro) was used. It distilled 
at 144—148° (about 6mm. press.). 


0:2034 gave 0:4063 CO, and 01662 H,O. C=54:48; H=9-08. 
01799 ,, 035805 ,, 01500 , OC=54:28; H-9-26. 
C,H,,0, requires C =54'54; H=9-09 per cent. 


Rotation of Amylic (active) Glycerate (active). 


Observed rotation a? in 92°35 Density compared 
Temp. mm. tube. with water at 4°. [a ]p. 
125° — 11°48° and - 11°51° 1:0785 —11°54° 
45 — 11-44° 1:0512 — 11°78 

The density determinations actually made were d12°/4° =1:0789 
and d 45°/4° = 1-0512. 

The specific rotation of this substance is, therefore, but slightly 
affected by temperature, but in so far as it is, the negative rotation 
increases with rise of temperature, ashas already been found by one of 
us (P. Frankland and MacGregor, Trans., 1894, 65, 760) to be the 
case with other simple ethereal glycerates. 

The excess of amylic alcohol recovered in the preparation of this 
amylic glycerate was dried, distilled, and found to possess the 
rotation [a]p"*°= -—4-71° and density d 11°6°/4° = 0°8228. 

Thus, like the excess alcohol recovered in the preparation of amylic 
(active) glycerate (inactive), it had a slightly higher rotation than the 
original alcohol employed (see p. 255). 
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Amylic (active) Diacetylglycerate (active). 


This was prepared in the same way as the corresponding compound 
described on p. 257. As usual, it was fractionally distilled until of con- 
stant rotation. The boiling point was 152—157° (under a pressure of 
about 6 mm.). 


0°1876 gave 0°3786 CO, and 01290 H,O. C=55-°04; H=7°64. 
01867 ,, 03768 _,, 0°1322 ,, C=55:04 ; H=7°87. 
C,,H,,0, requires C= 55°38 ; H=7°69 per cent. 


Rotation of Amylic (active) Diacetylglycerate (active). 


Observed rotation Density compared 
Temp. ain 44mm, tube. with water at 4°. [a]p. 


11°4° — 8°25° 1:0855 -17:27° 
37-7 — 8°67 1:0587 — 18°61 
99°5 — 9°35 0:9990 — 21:27 


After taking the rotation at this high temperature, it was again 
observed at 11:4°, and found to be exactly the same as at first. The 
density determinations actually made were J 11-4°/4° = 1:0855, d 38°/4° 
= 10584, d 100°/4° = 0-9985. 

Thus the specific rotation of this compound, like all the other diace- 
tylglycerates previously examined by one of us, is very markedly 
affected by temperature, the negative rotation increasing with rise of 
temperature. As seen from the diagram, the increase in specific 
rotation is almost exactly proportional to the increase in temperature 
(see Fig. 2, p. 258). 


Amylic (active) Dibenzoylglycerate (active). 


I. This was prepared in exactly the same way as the corresponding 
compound described on p. 258, excepting that amylic (active) glycerate 
(active) was employed. It distilled at 255—-270° (at about 4 mm. pres- 
sure) ; it was slightly yellow, and was viscid, but less so than the 
amylic (active) dibenzoylglycerate (inactive). As all attempts to 
obtain it in a solid form were unsuccessful, it was dissolved in ether, 
washed with a strong solution of sodium carbonate, and then with 
water ; the ether was removed by distillation, and the residue dried 
in a vacuum-desiccator. The rotation was then found to be 


ay = +11:49° in a 50 mm. tube at 14°. 


It was again distilled under reduced pressure, but at the end of 
the process the flask burst, and the distillate was darkened. The 
latter was, therefore, again distilled, the distillate being further washed 
and dried as above. The rotation was then found to be 


a) = +11°26° in a 50 mm. tube at 16°. 
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The rotation was thus slightly lower than before, but the temperature 
was higher, and it will be seen below that the rotation is very sensi- 
tive to temperature. Analysis also showed it to be as pure as we 
were able to obtain any of the other liquid dibenzoyl compounds, thus, 


019875 gave 0:4968 CO, and 0°1131 H,O. C=6817; H=6°32. 
01944 ,, 04877 ,, O1131 ,, C=68°42 ; H=6°46. 
019195 ,, 04797 ,, 01097 ,, C=68:16; H=6°35. 
02000 , 04997 , O1161 ,, C=68:14; H=6°45. 
C,,H,,0, requires C= 68°75 ; H = 6°25 per cent. 


Rotation of Amylic (active) Dibenzoylglycerate (active). 
(First specimen). 


Observed rotation Density compared 
Temp. avin 44mm. tube. with water at 4°. [a]p. 


16° * + 9°96° 1:1456 +19°76° 
17 +984 1:1446 +19°54 
42°5 +9:10 1°1213 + 18°44 
51°8 + 8°75 1:11336 + 17°86 
99°3 + 6°59 1:0750 + 13°93 


The density determinations actually made were d 16°5°/4° =1°1451, 
d 43°/4° =1-1208, d 52°/4° =1°1132, d 99°8°/4° = 1-0746. 

From the above figures, it will be seen that the rotation is extremely 
sensitive to temperature, and, as in the case of those dibenzoylgly- 
cerates previously investigated by one of us, the positive rotation 
diminishes with rise of temperature. On plotting the rotations as a 
curve, it will be seen (see Fig. 3, p. 259) that the latter approaches 
more and more to a straight line the higher the temperature, the 
rotation becoming also more sensitive as the temperature rises. The 
figures for the density, on the other hand, show that this diminishes 
more and more slowly with rise of temperature. 

Il. In consequence of the accident which happened to the above 
specimen of amylic (active) dibenzoylglycerate (active), and the possi- 
bility of this having influenced the rotation observed, we deemed it 
desirable to prepare a further quantity. Unfortunately, we had ex- 
hausted our original supply of active amylic alcohol, and the new 
preparation had to be made from a fresh sample. The rotation of the 
new amylic alcohol employed was found to be very slightly higher than 
that of the former one, namely, ay = — 7°61° ina 200 mm. tube at 12°5°. 

The amylic (active) glycerate (active) prepared from it had also 


af slightly, but distinctly higher, rotation than the former specimen, 
thus 


* This observation was made at the end of the series, and thus shows that the 
rotation has not been affected by raising the substance to the temperatures employed 
in the other observations. 
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a, = — 6°60° in a 50 mm. tube at 20°5° (new specimen). 
ap = —6°14° ‘ os 19° (former specimen). 


From this new specimen of amylic (active) glycerate (active), the 
dibenzoyl-compound was prepared as before. On combustion, 


0°1841 gave 04608 CO, and 0:1078 H,O. C=68-26; H=6'50. 


The substance was thus of about the same degree of purity as before. 
It was again distilled, but the distillation was not found to have 
altered the rotation. On combustion again, 


0:1808 gave 04520 CO, and 0:1034 H,O. C=68:18; H=6:35. 
C,H, ,0, requires C = 68°75 ; H = 6°25 per cent., 


thus showing that no further purification could be effected by dis- 
tillation. 

The rotation was then determined over the following range of 
temperature. 


Rotation of Amylic (active) Dibenzoylglycerate (active). 
(Second specimen.) 


Observed rotation Density compared 
Temp. a» in 44mm. tube. with water at 4°. [a]. 
17° + 10°31° 1:1425 +20°51° 
45°5 + 9°35 11180 +1901 
74 + 811 1:0943 + 16°84 
99°5 + 6°87 10739 +14:54 


The density determinations actually made were d 17:5°/4° = 11421; 
d 46°/4° =1:1176 ; d 74°/4° =1-0943 ; d 99°5°/4° =1:0739. The altera- 
tions, both in density and rotation, are of exactly the same character as 
in the case of the previous specimen. 

It is worthy of remark that, of the two specimens of amylic (active) 
glycerate (active), the one with the higher rotation also gave the 
more active dibenzoyl-compound, showing how the rotation of a deriva- 
tive is proportional to the rotation of the original mixture of the active 
compound and the racemoid from which it is prepared, as pointed out 
in the introduction. 


Amylic (inactive) Glycerate (active). 


This was prepared in the same manner as the corresponding coll- 
pounds already described, excepting that inactive amylic alcohol was 
employed instead of the active ; twenty-six grams of crude ethereal salt 
were obtained from 35 grams of calcium glycerate (active) and 80 c.¢. 
of amylic alcohol (inactive). 

It had a rotation, which was constant on redistillation, of ap= 
— 766° in a 50 mm. tube at 20°. 

On combustion, 
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0:1736 gave 0°3450 CO, and 0°:1425 H,O. C=54:20; H=9-12. 
01593 ,, 0°3183 » 01316 , C=5449; H=9-18. 
C,H,,0, requires C=54'54; H=9-09 per cent. 


Rotation of Amylic (inactive) Glycerate (active). 


Observed rotation Density compared 
Temp. a in 44mm. tube. with water at 4°. [a]p. 
14°3° — 6°72° 10783 — 14°16° 
15 — 6°70 1:0777 —14:13 
48 — 6°68 10496 — 14:46 


The density determinations actually made were d 14-°8°/4° =1:0779 ; 
d 48°/4° = 1-0496. 

The negative specific rotation of this ethereal salt thus increases 
very slightly indeed with rise of temperature (see Fig. 1, p. 257). 

The excess of alcohol recovered in the preparation of this amylic 
(inactive) glycerate (active) proved to be slightly active, thus, 


[a}p!*7° = —0°085°; d 17°/4° =0°8189. 


It has been pointed out (see pp. 256 footnote, and 261) that the alcohol 
recovered in the preparation of amylic (active) glycerate (inactive) and 
of amylic (active) glycerate (active) exhibited a slightly increased nega- 
tive rotation as compared with the alcohol used, the increase in each case 
being about the samein amount. In these cases, as already pointed out, 
this may be due to the iso-amylic alcohol (isobutylcarbinol), which is 
doubtless also present, etherifying more readily than the active amylic 
alcohol (secondary butylcarbinol), but in the present case the slight 
activity of therecovered alcohol cannot be thus explained, and can only be 
accounted for on the supposition that the dextro-amylic isomer of the 
racemised alcohol is more readily etherified by the dextro-glyceric acid 
than the levo-amyl isomeride. This result, although suggestive, in- 
volves such a very small absolute rotation, that it would be premature 
to draw conclusions from it yet, and we propose submitting the matter 
to further investigation. The possibility of some of the ethereal salt 
having passed over with the alcohol must also be kept in view. 


Amylic (inactive) Diacetylglycerate (active). 

This was prepared from the above amylic (inactive) glycerate (active) 
in precisely the same manner as already described in the case of the 
corresponding compounds. Seven grams of amylic glycerate yielded 11 
grams of crude amylic diacetylglycerate. The pure product distilled 
at 156—159° (about 4 mm. press.), the oil-bath being at 200°. 

On combustion, 

0'1623 gave 0°32905 CO,, 0:1162 H,O. C=55:29; H=7:95. 

01585 ,, 032105 , O1115 ,, O=55-24; H=7°82. 

C,H, 0, requires C = 55°38 ; H = 7-69 per cent. 
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Rotation of Amylic (inactive) Diacetylglycerate (active). 


Observed rotation Density compared 
Temp. a in 44mm. tube. _ with water at 4°. [a]p. 


15:2° — 9°26° 1:0813 — 19°46° 
52 — 9°81 10447 — 21°34 
99-7 — 10°22 0°9980 — 23:27 


The density determinations actually made were d 15:2°/4° = 1:0813 ; 
d 52°/4° =1:0447 ; d 100°/4° =0°9977. 

The specific rotation is thus highly sensitive to temperature, its 
negative value rising with increase of temperature. The influence 
of temperature on the rotation is exhibited in the diagram (see Fig, 2, 
p. 258). 

Amylic (inactive) Dibenzoylglycerate (active). 

The method of preparation was the same as that pursued in the case 
of the two similar compounds described above, the amylic (inactive) 
glycerate (active) referred to on p. 264 being used as the source. It 
could not be obtained in a solid state. 

On combustion, 

019825 gave 0°4949 CO, and 01155 H,O. C=68:03 ; H=6-47. 

071936 =,, 04836 _—,, 01142 ,, C=6812; H=655. 

C,,H,,0, requires C= 68°75 ; H = 6°25 per cent. 


It was, therefore, of about the same degree of purity as the other 
liquid dibenzoyl-compounds described above. 


Rotation of Amylic (inactive) Dibenzoylglycerate (active). 


Observed rotation Density compared 
Temp. a, in 44mm. tube. with water at 4°. 


16° + 9°205° 11452 
38°8 + 8°60 11238 
63 + 7°66 1°1032 
100 + 5°93 1:0730 


The density determinations actually made were d 16°/4° = 1:1452; 
d 39°/4° =1:1236; d 63°/4°=1:1032; d 100°/4°=1:0730. Thus the 
density diminishes less and less rapidly with rise of temperature, as in 
the dibenzoyl-compound described on p. 263, as, in the latter case also, 
the specific rotation diminishes more and more rapidly with rise of 
temperature. These relations are best seen in the diagram (Fig. 3, 


p. 259). 


Superposition of the Optical Effects of Two Asymmetric Carbon Atoms. 


One of the points of interest in connection with the compounds 
described in this paper lies in the circumstance that in all of them 
there are present two asymmetric carbons, each of which can be 
present (a) in the dextro-rotatory, (6) the levo-rotatory, and (¢) in the 
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racemoid form. In the liquid state, however, there is no evidence 
that the racemoid form is anything else than a mixture in equal pro- 
portions of the dextro- and lexvo-rotatory forms. As the optical 
activity of asymmetric carbon compounds, moreover, has reference to 
the liquid state only, it is obvious that the true racemoid form dis- 
appears from consideration. 
The several amylic glycerates described above may therefore be 
thus regarded. 
1 molecule levo-amylic 
1. Amylic (levo-act.) glycerate (dextro-act.) dextro-glycerate. 
[a]5=C* 1 molecule levo-amylic 
dextro-glycerate. 
1 molecule levo-amylic 
2. Amylic (levo-act.) glycerate (inact.) f dextro-glycerate. 
[a]>=H % molecule lzevo-amylic 
levo-glycerate. 
1 molecule levo-amylic 
3. Amylic (inact.) glycerate (dextro-act.) f dextro-glycerate. 
[a]p =i ( 1 molecule dextro-amylic 
dextro-glycerate. 


If, then, the optical effect of (2) be algebraically added to the optical 
effect of (3), the optical effect of (1) should be obtained, because the 
optical effect of 1 mol. /-amylic /-glycerate will be equal, but opposite 
in sign, to that of 1 mol. d-amylic d-glycerate, and therefore these will 
destroy each other, and there will remain the optical effect of 1 mol. 
Lamylic d-glycerate from (2) + the optical effect of 1 mol. /-amylic 
d-glycerate from (3), which sum will thus equal the optical effect of 
(1). In other words, H+ E=C. 

This is actually found to be the case, thus, comparing the specific 
rotations at the same temperatures, 

Amylic (levo-active) glycerate (inactive). 

H [a], = + 2°86". [a]p* = +2°79°. 

Amylic (inactive) glycerate (dextio-active). 

E [a]p!° = —14:13°. [a]p*° = — 14°45° 
H+E = C 

Then, for 11°. 2°86-14:13= —11:27°=[a], amylic (leevo-active) 
glycerate (dextro-active) (by calculation). 

Amylic (levo-active) glycerate (dextro-active) [a],'!° = — 11:53° (by 
experiment). 

Difference between calculation and experiment = 0°26’. 

Again, for 47°. 


* We have adopted the same lettering here as in the introduction, p. 254, 
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H+ E = © 
2°79 — 14°45 = — 11°66° =[a], amylic (levo-active) glycerate (dextro- 
active) (by calculation). 

Amylic (levo-active) glycerate (dextro-active) [a]p*7° = — 11:79° (by 
experiment). 
Difference between calculation and experiment = 0°13’. 

Applying the same reasoning to the amyl diacetylglycerates, we 
have, 
Amylic (levo-active) diacetylglycerate (inactive). 
H [a], = + 1°66’. [a]p>° = +1°67°. [a], = + 1°68". 
Amyl (inactive) diacetylglycerate (dextro-active). 
E [a]p't?= -19°25°. [a] = — 21°34". [a],9°7° = — 23:27". 
Then H+E=C [a], for amylic (levo-active) diacetylglycerate 


(dextro-active), 
Calculated. Found. Difference. 


At 11° 1-66° — 19°25°= — 17°59° — 17°25° 0°34° 
» O2 1:67 .— 21°34 = — 19°67 — 19°22 0°45 
99° 99°7 168 —23°27 = — 21°59 — 21°28 0°31 


Similarly, in the case of the amylic dibenzoylglycerates, 
Amylic (levo-active) dibenzoylglycerate (inactive). 
H ti oa = +1°76°. [a]p®° = +1°67°. 
[a}p3**° = + 1°72. [a Jp) = + 1°60. 


Amylic (inactive) dibenzoylglycerate (deatro-active). 
E { [a] = +1827". [a]p® = +15-78°. 
[a]p** = +17:39°. [a}p10° = + 12°56. 


Then H+E=C=[a], for amylic (levo-active) dibenzoylglycerate 


(dextro-active). 
Calculated. Found. Difference. 


At 16° 176° +18-27° = +20°03°  +19°76° 027° 
» 888 1:72 +1739 = 419-11 +1862 0°49 
» 63 1:67 415-78 = +17-45 +1693 0-52 

,, 100 160 +1256 = +1416 +1387 0-29 


The experimental are thus in all cases in close agreement with the 
calculated results, and thus show the feasibility of calculating the 
rotation values of all the optically isomeric amylic glycerates, diacetyl- 
glycerates, and dibenzoylgiycerates, provided the values H and E are 
determined in each series, as indicated in the introduction on p. 254. 


Density of the Amylic Salts of Glyceric Acid. 


In the following table, we have collected the densities, calculated 
for equal temperatures, of the several amylic salts of glyceric acid 
described above ; the densities are referred to water at 4°. 
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From From From 
Temp. act. alcohol, act. alcohol, _ inact. alcohol, 
inactive acid. active acid. active acid. 


Amylic j 1b 1:0807 1-0797 10811 
($ly cerates | 47 1-0505 1-0495 1-0505 
ji 1:0863 10859 10855 

Amylic 50 1-0485 1-0468 1-0466 
Diacetylglycerates | 100 10000 0:9985 0:9977 
Aniylic 11433 11456 11452 
saad 11237 1-1236 11227 
sare 11049 11044 11032 
giycer 1:0749 1:0746 10732 


The above figures show that the densities of the optical isomers are 
in each case in very close agreement. 


Comparison of the Amylic Salts of Glyceric Acid with those previously 
prepared. 


In order to compare the constants given above for the amylic salts 
with those of the derivatives previously prepared by one of us (Percy 
Frankland and MacGregor, Trans. 1893, 63, 1415; 1894, 65, 754), 
it is necessary to calculate the densities to 15°/15°, and the specific 
and molecular rotations, as well as the molecular deviations to 15°. 


Thus, 


Specific {Molecular| Molecular | Produet 


Density Molecular rotation | rotation. | deviation " 
Ethereal Salt | 152/15", volume.| at 15° |M[a]>| u spat bs. ef 
[a]p 100 l ry Px 108 


Amylic Glycerates, 
hettee hoch 
ctive alcoho gr Q «6 2°83° . 69° 4 

Inactive acid + OF leg - es 
Active alcohol “0775 ; ~ 11°55 . — 68°05 824°8 
Active acid 
Inactive alcohol .. : ; . , — 83°20 324°3 
Active acid 


Amylic Diacetyl- 
‘ glycerates, from 

ctive alcohol ; . . , “ , 
Inactive acid 10834 240°0 + 6m oe 67S 


Active alcohol .. . aay 4 4a) —aKe W979 , 
Active ae a 1°0828 240°1 45°34 117°4 67°3 
nactive alcohol .. ioe , —19: — 50: om , ° 
Active acid 1°0824 240°2 19°44 50°54 | 130°8 67°3 


| 


Note.—In the above table, ‘‘ active alcohol” =levo-amylic alcohol, ‘‘ inactive 
alcohol” = racemised amylic alcohol (secondary butylearbinol) ; ‘‘active acid” = 
dextro-glyceric acid ; ‘‘ inactive acid”? = (racemised) glyceric acid, 

VOL, LXXI, u 
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Of the above compounds, the ones which can be directly compared 
with the previously prepared glycerates and diacetylglycerates are 
those obtained from the inactive (racemised) amylic alcohol. From 
the following table it will be seen how these derivatives of the inactive 
(racemised) amylic alcohol fall into line with the corresponding deriva- 
tives of the other alcohols hitherto examined by one of us. 


Ethereal Salts of Active Glycerie Acid. 


Molecular! Molecuiar 
rotation, | deviation. 


Product 


| 
| Specific 
volume. | ence | Totation. 
2 ee. . 
M[a]p” 


Density ‘Molecular Differ- 


| 15°/15° | asym- 


| metry. 
Px 10°, 


Ethereal Salt. 


Methylic | 938° | — 4 ‘76° | ‘ 288°8 
Ethylic 2° ‘ : ‘ 844°8 
Propylic 358'2 


Isopropylic 1°1303 


Butylic (norm.) 1°1084 | 


Isobutylic 
Amylic (second- 
ary butylme- 


thyl) 1:0786 


Heptylic(norm.), 1°0390 
Octylic (norm.) 1°0263 


Ethereal 


 3/50°% | 


| —11°82 
| -13°19 | 
| —14°23 


16°6 | 


je7 | —14°12 | - 24°85 
—— | - 11°30 | — 23°05 
161, _ 10-22 | -22-98 


| 


358°2 
846°8 
346°8 


324°3 
268°7 
241°8 


Salts of Active Diacetylglyceric Acid, 


1°1998 
| 1°1574 
1°1263 


Methylic 
Ethylic 

Propylic | 
Isopropylic 1°1193 
Isobutylic 1°0990 
Ainylic (second-, 1°0824 


| 


18°4 | —12°04° — 24°56° | 


~16°31 | 
17°6 | -19°47 | 
165 ~17°97 | 
- 20°48 | 
16°4) _ 19-44 | 


— 108°2 
- 129°5 
-119°1 
~— 136°7 
— 130°8 


- 800° | 


SIRtSIAI OO 


ary butylme- 

thyl) 
Heptylic 
Octylic 


—113°6 
— 109°3 


1°0408 


Note.-—Product of asymmetry for hexylic glycerate = 296°8. 
diacetylglycerate = 90°7. 


9? i ”? 


The results contained in the above table, and which are more easily 
followed from the curves in the appended diagrams (Figs. 4, 5, 6,) show 
that (1) the density, in the case of the glycerates, diminishes more 
rapidly with increasing molecular weight than is the case with the 
diacetylglycerates, and as was already pointed out by one of us (Trans., 
1893, 68, 1428) the curves should intersect between the butylic and 
amylic compounds, This is now actually found to be the case, for 
whilst isobutylic glycerate has a greater density than isobutylic 
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diacetylglycerate, the density of amylic glycerate is less than that of 
amylic diacetylglycerate. 

Fic. 4.—Densities of Ethereal Salts of Glyceric and Diacetylglyceric Acids (5): 
CoH, Cay CHa Cay Cg Mig Coty Colt, 
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(2) As has been already shown, both in the series of the glycerates 
and in that of the diacetylglycerates, there is a maximum rotation 


Fic. 5.—Molecular Volumes of Ethereal Salts of Glyceric and Diacetylglyceric } 
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which occurs in each case between the butylic and the heptylic com- 
pounds, the highest rotation in each series having hitherto been found 
for the butylic compound. The addition now of the amylic term to 


u 2 
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each of these series becomes, therefore, of particular interest. The 
above figures show that in respect of specific rotation [a], the maximum 
falls on the isobutyl term, both in the glycerate and in the diacetyl- 
glycerate series ; on the other hand, in respect of molecular rotation 
M 

eke the maximum falls on the amyl term in both series, whilst 
in respect of molecular deviation [8]p, it falls on the amyl term in the 
glycerate series, and on the isobutyl term in the diacetylglycerate 
series. The differences between these two terms are, however, com- 


Fic, 6.—Molecular Rotations [M]p and Molecular Deviations [8]p of Ethereal Salts 
of Glyceric and Diacetylglyceric Acids, 15°. 


CH3 CoHs = Caz «=« Cg Hg CgHyy = Cg Hyg = CH= Cg yz ’ 
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paratively small, as the curves in this part are almost straight lines 
parallel to the horizontal axis. 

Tt should, however, be pointed out in this connection that, inasmuch 
as in the preparation of the amylic (inactive) glycerate (active) the 
excess alcohol recovered had a slight negative rotation (see p. 265), it 
follows that the alcohol actually etherified must have had a slight 
positive rotation, and it must therefore be concluded that, had the 
U;H,, which entered the glyceric acid been quite inactive, the rotation 
of the amylic glycerate produced would have been slightly more nega- 
tive than it was found to be. Thus the rotations given above for the 
amylic (inactive) glycerate (active) and the amylic (inactive) diacetyl- 
glycerate (active) are probably a little below the truth, in consequence 
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of the slightly unequal etherification of the optical isomerides of which 
the inactive amylic alcohol is composed. Of course, this remark is sub- 
ject to the reservation made on p. 265 with regard to the apparent in- 
equality of the etherification. From their structure, it is obvious that the 
amyl compounds we have prepared are more directly comparable with the 
isopropyl and isobutyl compounds than with those of norma! structure, 
and thus in the diagrams they have been treated as iso-amyl compounds.. 

The Dibenzoyl Derivatives of Active Glyceric Acid.—In the following 
table we have compared the densities and rotations of the dibenzoyl 
derivatives of active glyceric acid, as far as we have yet prepared 


and studied them. 
Ethereal Salts of Active Dibenzoylglyceric Acid. 


asym- 


cular deviation 15 


/M 
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of 


Ethereal 
salt. 


2 /M 
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metry P x 104, 


Molecular rotation 100° 


[a]p. 
fa) 


Molecular rotation 15 
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Molecular volume 100°. 
Specific rotation 15 
| Specific rotation 100 


| Density 100°/4°. 


Density 15°/4°. 
Product 


| Mole 
a 
r 


om | 
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The above table shows, as already pointed out by one of us (Trans., 
1894, 65, 758; 1896, 69, 104), that the introduction of the two 
benzoyl groups reverses the sign of the rotation, all the dibenzoyl- 
glycerates having a positive, whilst the glycerates, diacetylglycerates, 
dipropionylglycerates, and diphenacetylglycerates have a negative 
rotation. The tendency of the positive rotation in this series of 
dibenzoylglycerates is obviously to diminish as the magnitude of the 
alkyl radicle increases. There is, however, a slight departure from this 
general tendency apparent in the case of the methyl and ethyl com- 
pounds, as it would be anticipated that the positive rotation of the 
methyl should be considerably in excess of that of the ethyl compound, 
whilst, as a matter of fact, the specific rotations of these two compounds 
was found to be almost exactly equal over a wide range of temperature. 

At first sight, it might be suggested that the rotation of the methyl 
compound is abnormally low, owing to its forming molecular aggregates 
(the methyl compound melts at 58—59°, the ethyl at 25°), but at 
higher temperatures, which should lead to the breaking up of such 
aggregates, the rotation of the ethyl compound is more distinctly in 
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excess of that of the methyl compound. The general relationship of 
the rotations in this series, excluding this anomaly in the case of the 
first term, indicates that the levo-rotation conditioned by the alkyl- 
group tends to counteract the dextro-rotation which is conditioned by 
the benzoyl-groups ; thus, in the simple glycerates, as has been shown 
above, the levo-rotation increases from the methyl to the amyl com- 
pound, the same is the case in the diacetylglycerate series, whilst in 
this dibenzoylglycerate series the positive rotation diminishes from the 
methyl tothe amyl compound. Just as, therefore, in the glycerate 
and diacetylglycerate series, the negative rotation passes through a 
maximum at the butyl or amyl compound, so in this dibenzoylglycerate 
series, it is to be anticipated that the positive rotation will pass through 
a minimum at the same terms of the series. Thus we should expect 
that the heptylic and octylic dibenzoylglycerates would have a greater 
positive rotation than the amyl-compound. It remains to be seen 
whether a furthur study of the higher members of this interesting 
series will confirm this prediction. The ‘ product of asymmetry,’ as 
seen from the above table, also predicts such a minimum at the hexyl 
term, with the noticeable feature that the sign of the product of asym- 
metry actually changes for the hexyl-compound, changing back again 
for the heptyl and higher terms of the series. The further study of 
these compounds will, therefore, be attended with special interest. 


Influence of Temperature on the Rotation of the Amylic Salts of 
Glyceric Acid. 


Attention has repeatedly been drawn by one of us to the influence of 
temperature on the rotation of optically active organic compounds, and 
the active compounds described in this paper exhibit some interesting 
points in this connection. 

1. The rotation of the amylic salts of active diacetylglyceric avid and 
of active dibenzoylglyceric acid is very sensitive to temperature, whilst 
that of the amylic salts of the corresponding inactive acids is insens- 
itive to temperature, showing, therefore, that the sensitiveness is 
dependent on the active acid radicle. 

2. The rotation of all the simple amylic glycerates, amylic (active) 
glycerate (active), amylic (active) glycerate (inactive), and amylic 
(inactive) glycerate (active) is insensitive totemperature. It has been 
shown in a previous paper (Trans., 1894, 65, 769), that the rotation of 
methylic glycerate is more sensitive to. temperature than that of 
ethylic glycerate, and it thus appears that in the series of the 
glycerates, as far as it has been yet investigated, as the alkyl radicle 
increases in magnitude the sensitiveness of the rotation to temperature 
diminishes. 
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3. The sensitiveness of the diacetylglycerates has been more fully 
investigated (loc. cit.), with the result that it was found to diminish 
with the increase in the magnitude of the alkyl radicle as far as the 
isobutyl compound, the rotation of the heptyl and octyl being slightly 
more sensitive than that of the isobutyl compound. The sensitiveness 
of the rotation of amylic (inactive) diacetylglycerate (active) is now 
found to be exactly the same as that of the isobutyl compound. These 
two compounds have also nearly the same specific rotation. * It would 
thus appear that the sensitiveness attains a minimum in those terms 
of the series in which the actual rotation reaches a maximum, or in 
which the addition of CH, produces the least effect on the rotation. 
Throughout the glycerates and diacetylglycerates, the negative rotation 
increases with rise of temperature. 

4. In the dibenzoylglycerate series, the positive rotation diminishes 
with rise of temperature. In this series, again, the sensitiveness of 
the rotation diminishes in passing from the methyl to the amyl com- 
pound. 


Mason COLLEGE, 
BIRMINGHAM, 


XXIL—The Solution-density and Cupric-reducing 
Power of Dextrose, Levulose, and Invert-sugar. 


By Horace T. Brown, F.R.S., G. Harris Morris, Ph,D., and J, H. 
MILLAR, 


The Solution-densities. 


In a previous communication (Trans., 1897, '71, p. 72), we have entered 
fully into the necessity for the accurate determination of the solution- 
densities of the carbohydrates, in order that the correct factors for the 
estimation of the solid matter in carbohydrate solutions may be de- 
duced. In the paper above referred to, we gave the results of the 
aecurate determination of the solution-densities and divisors for various 
concentrations of maltose, soluble-starch, and the products of the con- 
version of starch by diastase. We have now carried out a series of 
similar determinations for dextrose, levulose, and invert-sugar. 

The apparatus used for drying the respective sugars was that 
described in our former paper (this vol., p. 76). In this, crystallised 
dextrose can be rendered perfectly dry in 4 hours at 105—106° 
without the slightest decomposition or coloration taking place. 
Crystallised levulose can be dried still more readily, but the operation 
requires greater care, on account of the low melting point of this 
sugar. The temperature of the bath must not be allowed to rise 
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above 75° for the first three or four hours, but after that it may 
rise to 85—90°. The latter temperature must not be exceeded, or the 
substance fuses and begins to colour. A total period of 6 hours at 
the given temperatures is amply sufficient to drive off all moisture 
without the slightest discoloration taking place. 

The sugars used in the experiments were prepared with the greatest 
possible care by the most approved methods, and were repeatedly 
recrystallised from alcohol until their properties were absolutely con- 
stant. The dextrose was prepared from three sources, namely, from 
pure maltose by acid hydrolysis; from cane-sugar by inversion with 
acid, and from a crystallised sample of dextrose obtained from Kahl- 
baum. The levulose was prepared in two ways, the one from inulin in 
the manner described by Wohl (Ber., 1890, 23, 2107), and the other 
from a sample of Schering’s crystallised product. Invert-sugar was 
obtained by the inversion of pure, crystallised cane-sugar with yeast, 
and in some experiments, by mixing equal quantities of perfectly pure 
dextrose and levulose. 

In the results given in the following tables, 

Column a gives the weight of dry substance taken, 

Column 6 gives the total weight of solution. 

Column ¢ gives the specific gravity of the solution at 15:5’, referred 
to water at 15°5°. 

Column d gives grams of sugar per 100 c.c. (reputed)*. 

Column e gives the divisor for the determination of grams per 100 
c.c, (reputed) from the specific gravity. 


Table I.—Solution-density of Anhydrous Dextrose. 


b. . d. 


1°2988 49°8518 1010°12 2°6317 3°845 
1°6324 30°5690 1020°95 5°4516 3°842 
3°2659 51°2638 1025 °07 6°5306 3°839 
8°2751 31°1712 1041°94 10°9470 3°831 
8'3380 53°7774 1062°93 16°4800 8°818 
6°4414 36°5604 1072°03 18°8870 3°813 
, 9°0925 39°9196 1094°66 24°9330 3°796 


“IS Ore CO to 


The above results are expressed graphically in the dextrose curve 
of Plate I. (p. 278),* and the true divisor for any paiticular concen- 
tration can be obtained by inspection of this curve, or from the 
following equation, in which D is the required divisor, and G the 
specific gravity of the solution when water = 1000. 

D = 3°848 — 000028 (G — 1000) — 0:0000028 (G —1000)?. 


* For the meaning of this expression see this vol., p. 77, footnote, 
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The divisors for dextrose deduced from the foregoing experiments 
agrxe very closely with those recently given by C. O'Sullivan and 
Stern (Trans., 1896, 69, 1695). 


Table II.—Solution-density of Anhydrous Levulose. 


| 
a. | b. ‘ d. | 


1°2326 50°5868 1009°72 2°4676 3°939 
3°1436 51°3039 1024°67 6°2784 3°929 
2°5962 40°7573 1025°65 6°5330 3°926 
2°0206 | 27°5294 1029°67 | 7°5576 3°925 
6°5677 54°0685 1049°85 | 12°7530 | 3°909 
4°8289 38 °6476 1051°35 13°1360 | 3°909 
5°0967 32°5304 1065 °06 16°6870 | 3°898 
7°0191 34°0505 108710 22°4000 3°886 


| 
t 


CID MP wre 


The foregoing results are embodied in the levulose curve on Plate IL., 
the equation for which is 
D =: 3-946 — 0:00068 (G — 1000) — 0:0000007 (G — 1000)? 
We have already fully discussed (/oc. cit.) the relation of the divisor 
we have hitherto employed (3°86) to the true divisors for the carbo- 
hydrates, and it is, therefore, unnecessary to again refer to the matter, 


We may, however, point out that here, as in the cases we have pre- 
viously given, the divisor decreases as the concentration of the solution 
increases. So far as levulose is concerned, this is in direct opposition 
to the results obtained by Hinig and Jesser (Monatshefte, 1888, 9, 562), 
from which it appears that the divisor increases with the concentration. 

Since it has been conclusively shown that invert-sugar is a mixture 
of equal amounts of dextrose and levulose, we calculated from the fore- 
going results the divisor to be applied to solutions of invert-sugar. This 
was done by taking the mean of the divisors for dextrose and levulose 
for solutions of one-half the gravity of that of the invert-sugar solu- 
tions ; thus, the divisors for dextrose and levulose for a solution of sp. 
gr. 1010 are 3°845 and 3-939 respectively ; the mean of these is 3°892, 
which was taken as the divisor for a solution of invert-sugar of sp. gr. 
1020. We are aware that this is not quite correct, as solutions of the 
same specific gravity do not contain exactly equal amounts of dextrose 
and levulose, and, moreover, no allowance is made for the lower solution- 
density of the solution of double strength ; but the error thus introduced 
is so small, being in the fourth place of decimals, that it falls well 
within the limits of experimental error. In this way, we obtained the 
following table. 
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Table III.—Divisors for Anhydrous Invert-sugar. 


Gravity. Divisor. Gravity. | Divisor. 


1010 3°394 || 1070 | 38°877 
1020 3°392 || 1080 | 8-874 
1030 3389 | 1090 | 3°871 
1040 3886 | 1100 3°868 
1050 3883 | 1110 3°865 
1060 3°880 1120 3862 


The foregoing values were checked at several points by determinations 
made with pure invert-sugar, and were found to be correct. They are 
expressed graphically in the invert-sugar curve of Plate I, the equation 


for which is 
D = 3-897 — 0:00025 (G — 1000) — 00000004 (G - 1000). 


The Cupric-reducing Powers. 


In the paper already mentioned (Joe. cit., p. 95, et seq.), we discussed, 
at considerable length, the conditions requisite for the accurate and 
concordant determination of the cupric-reduction of the carbohydrates, 
but it will be advisable to briefly recapitulate them here. They are 
(1) the use of a Fehling’s solution of constant composition ; (2) the 
maintenance of the same degree of dilution in all experiments ; (3) the 
precipitation of an amount of copper oxide which shall fall between 
certain limits ; and (4) an invariable method of determination, both as 
regards mode and time of heating. 

The composition of the Fehling’s solution we use is 


Recrystallised copper sulphate... 34:6 grams per litre. 
Rochelle salt - io 
Anhydrous sodium hydroxide ... 65:0 _,, m 


Fifty ¢c.c. of this solution, which should be freshly mixed, are placed in 
a beaker of about 250 c.c. capacity and having a diameter of 7°5 centi- 
metres, This is placed in a boiling water bath, and when the solution 
has attained the temperature of the water, the accurately weighed or 
measured volume of the sugar solution is added, and the whole made 
up to 100 ¢.c. with boiling distilled water. The beaker, which is covered 
with a clock glass, is then returned to the water bath, and the heating 
continued for exactly 12 minutes. The precipitated cuprous oxide is 
now rapidly filtered off through a Soxhlet tube, washed first with hot 
water, then with aleohol and ether, and finally dried. When dry, the 
cuprous oxide is reduced to metallic copper by gentle heating in a stream 
of hydrogen, and weighed. The weight of copper obtained must be cor- 
rected for that due to the slight spontaneous reduction which always 


Specttic Gravity at 15.5°C. 
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takes place, and which should be determined for each batch of Fehling’s 
solution. 

Working in this way, we have determined with great care the cupric- 
reducing power of dextrose, levulose, and invert-sugar, taking in each 
series of experiments gradually increasing amounts of the sugar, and 
determining the copper reduced by each amount. The results are em- 
bodied in the following tables, which are given in the same form as 
those in our previous paper, to which reference has been made. The 
sugars used were prepared as indicated in the first part of this paper, 
and were most carefully and thoroughly purified. In the dextrose 
table, the source from which the sugar was obtained is indicated in the 
first column ; the determinations marked a were made with dextrose 
prepared from Kahlbaum’s product ; }, from maltose, by acid hydrolysis; 
and c, from cane-sugar, by inversion with acid. 


Table IV.—Cupric-veduction of Dextrose. 


| CuO Cud 
Dextrose | per gram. per gram 
Souree. | by 3°86 | Dextrose Cu g 


| . of Kabsolute 
Ys | absolute. | weighed. OR 7 
divisor. | ubsolute weighed 3°86 absolute 


| dextrose. dextrose. 


00457 | 070459 | 070938 
00474 | 0°0476  — 0°0983 
00491 | 0°0493 071024 
00736 | 0°1513 
0-0884 0°1809 
00950 | 0:095 0°1953 
00980 | 0-098 0°1996 
01180 | 01185 | 0°2369 
0°1338 134: 0°2648 112°4 
0°1425 02836 113°1 
01585 | 0-159: 0°3089 43: 110°7 
071786 | 0°3897 108°1 
01911 | 071919 | 0°3635 108°1 
01968 | 071976 | 0°3732 107°8 
02105 | 02114 0°3920 105°8 


i | 


116°6 
117°9 
118°5 
116°8 
116°3 
116°8 
115°8 
114°1 
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The above results are expressed graphically in curve I of Plate 
(p. 280), which shows that the copper oxide reduced by 1 gram of dex- 
trose appreciably decreases as the amount of copper reduced increases. 
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Table V.—Cupric-reduction of Levulose. 


| | | 
| CuO CuO 
, ; | | 
= — | Levulose | Cu | ors ie me a, | ‘Weis 
diviooe: | absolute. | weighed. | g.g¢ | absolute 
| levulose. 


070403 | 0°0396 | 00750 2°375 107°7 
0°0443 | 0°0435 | 0°0822 | 2 2°369 107°4 
0°0446 | 0°0438 | 0-0831 882 | -2°379 | 107°9 
0°04738 | 0°0466 | 0°0887 323 | 2°360 | | 107°0 
070507 | 0°0500 00939 318 | 2°355 | | 106°8 


105°7 


0°0964 0°0949 0°1765 ; 2°332 
105°7 


00964 | 0°0949 | 0°1765 . 2332 | 
00964 | 0°0949 | 01770 | 2: 2°338 | 106°0 
00964 | 0°0949 | 01787 | 2° 2°361 | 107°0 
01455 | 0°1482 02612 | 2° | 2°287 | | 1087 
0°1443 | 0°1421 02601 ‘ | 2°295 | 104°0 
0°14388 | 0°1416 | 0°2585 | 2° | 2289  103°8 
01890 | 0°1861  0°3290 : | 2°217 99°0 | 100°5 
0:2011 | 0°1980 | 0°3507 | 2° 2°221 99°2 | 100°7 
0°2022 | 071991 0°3526 | 2° 2220 992 100°7 
0:2048 | 02012 | 03576 | 2° | 2228 | 99°5 | 101°0 
| 


From the foregoing numbers, curve III of Plate II has been con- 
structed. It will be seen that, throughout the series, any given 
amount of levulose reduces appreciably less copper than the same 
weight of dextrose. 


Table VI.—Cupric-reduction of Invert-sugar. 


| 


Invert-sugar 
by 3°86 
divisor. 


CuO CuO | 
Invert-sugar Cu ee iae lt ake, 

Je of 3°86 (of absolute} 13-96. | Kabsolute. 
| absolute. weighed, iment Seventh. 

sugar, sugar. 

| | 

070506 | 0°0502 00979 2°426 2°445 | 110°0 110°9 
0°0860 0°0854 0°1681 2°449 2°468 | 111°0 111°9 
0°1095 0°1087 0°2085 | 2°387 2°405 | 108°2 109°0 
0°1303 0 1293 0°2511 2°416 2°435 109°5 110°4 
071582 | 0°1570 0°2965 2°350 2°368 | 106°5 107°4 
01847) =| =: 001833 0°3386  2:298 | 2°816 104°2 105°0 
0°2167 | 0°2152 0°3890 2°250 | 2°267 102°0 102°8 


The above results are expressed graphically in the invert-sugar 
eurve II of Plate II, which falls) midway between the curves for 
dextrose and levulose. 

From the curves obtained when the foregoing experimental results 
are plotted on a system of rectangular co-ordinates, we have con- 
structed the following table showing the reducing powers of the three 
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sugars in question. We have given, in the first column, the quantities 
of sugar from 50 to 205 milligrams, at intervals of 5 milligrams, and, 
opposite to these, the amounts of Cu and CuO precipitated by each 
quantity, together with the weight of CuO corresponding to 1 gram of 
each sugar, when the respective quantities are oxidised under the 
conditions of our method. 

Table VII. 


Dextrose. Levulose. Invert-sugar. 


| 


Cu CuO 
grams. | grams. 


Sugar mgms. 


corresponding 
to 1 gram 
corresponding 
CuO 
corresponding 
to 1 gram 


0°1155 | 2° 0°0975 | 0° 2°442 

0°1287 ‘ 0°1076 | 0° 2°453 

0°1407 “{ 0°1176 | 0° 2°457 

0°1524 | 2° 0°1275 | 0° 2°459 

0°1645 . 0°1373 | 0 2°459 

01761 , 071468 | 0° 2°454 

| 0°1881 ‘ 0°1566 | 0°1963 | 2°454 
| 0°1590 | 0°1993 | 2° 0°1662 | 0° 2°451 
0°1686 | 0°2114 : 0°1755 | 0° 2°445 
| 0°1774 | 0°2224 ; 0°1848 | 0° 2°439 
| 0°1862 | 0°2331 | 2° || 0°1941 | 0° 2°430 
0°1952 | 0°2447 . || 0°2034 | 0° 2°429 
| 0°2040 | 0°2558 : || 0°2128 | 0° 2°425 
| 0°2129 | 0°2669 ' || 0°2220 | 0° 2°420 
| 0°2215 | 02777 | 2° || 0°2311 | 0° 2°415 
| 0°2303 | 0°2887 : || 0°2400 | 0° 2°407 
| 0°2390 | 0°2997 305 | 0:2489 | 0° 2°400 
0°2477 | 0°3106 ° 0°2578 | 0° 2°394 
0°2559 | 0°3209 | 2° || 0°2663 | 0° 2°385 
0°2641 | 0°3311 : || 0°2750 | 0: 2°378 
0°2723 | 0°3409 | 2° 0°2832 | 0° 2°364 
0°2805 | 0°3517 : | 0°2915 | 0° 2°358 
| 0°2889 | 0°3622 | 2°264 || 03002 | 0° 2°352 
| 2°42: 0°2972 | 0°3726 | 2°258 || 0°3086 | 0° 2°345 
0°3053 | 0°3828 252 || 0°3167 | 0° 2°336 


0°3134 | 0°3980 | 2° | 0°3251 | 0° 2°329 
0°3216 | 0-4032 | 2° 0°3331 | 0° 2°320 
| 2° 0°3297 | 0°4134 | 2° || 0°3410 | 0- 2°311 


0°3377 | 9°4234 ; || 0°3490 | 0° 2°303 - 
0°3457 | 0°4335 ‘ 0°3570 | 0° 2°295 


0°3745 | 0°4689 | 2°344 0°3539 | 0°4431 ‘216 0°3650 | 0° 2°285 


é 0°3822 | 0°4792 | 2°338 0°3616 | 0°4534 P 0°3726 ‘ 2°279 
| } } | 


Before commenting on our results, it will be necessary to refer 
briefly to the method at present in use of expressing the cupric-reducing 
power of the sugars. In 1876, C. O'Sullivan (Trans., 1876, ii, 125), 
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defined this ‘‘ to be the amount of cupric oxide, calculated as dextrose, 
which 100 parts reduce.” The cupric reduction of dextrose would 
then be 100, and 1 gram of this sugar was considered to reduce 2°205 
grams of copper oxide. O'Sullivan expressed this value by K, and 
the symbol x had previously been used by one of us and Heron (Trans., 
1879, 35, 607) with the same significance. 

It has long been known that the 2°205 value for dextrose was not 
quite correct, being, in fact, too low, and consequently that the true 
cupric-reduction of dextrose was distinctly above 100 when referred to 
this standard. As we have, however, already pointed out at length, in 
the paper previously referred to (this vol., p. 97), this is immaterial if 
it is clearly and definitely understood to what basis the cupric-reducing 
power is referred. 

From the foregoing experiments with dextrose, it will be seen that 
we have obtained considerably higher values than those mentioned 
above. We find that the amount of copper oxide reduced by 1 gram 
of the sugar ranges from 2°562 to 2°325 grams, according to the 
extent to which reduction of the Fehling’s solution is carried; and 
on the 2°205 basis, these numbers correspond to ax of 116°2 and 
105°4 respectively. Recently, and after our experiments were 
finished, Heron (Jownal Federated Institutes Brewing, 1896, 2, 443) 
and ©. O'Sullivan and Stern (Trans., 1896, 69, 1691) pointed out the 
higher reducing power of dextrose. The former states that 1 gram 
reduces 2°26 grams of cupric oxide, but he does not mention the precise 
conditions under which this value was obtained. The latter authors 
give 2°306 grams of CuO as the equivalent of 1 gram of sugar, and the 
mean reducing value as x= 104°6 ; they use 30 c.c. of Fehling’s solu- 
tion diluted to at least 90 c.c., and take from 0°12 to 0°13 gram of 
sugar. Under these conditions, we should expect that their results 
would be somewhat lower than ours. 

The method employed by Kjeldahl in his investigations on the cupric- 
reduction of the sugars (Résumé du Compte-rendu des travaux du 
laboratoire du Carlsberg, 4° vol., 1™ livr., 1895), very closely resembles 
ours, with the exception that the Fehling’s solution is heated for 20 
minutes, and the reduction carried on in an atmosphere of hydrogen. 
As would be expected from this variation in the conditions, his values 
for the cupric-reduction of dextrose are uniformly higher than ours ; 
but the difference is fairly constant throughout the series. This, 
we have already shown, was also the case with maltose (Joc. cit.). 

It has always been generally held that the reducing powers of 
levulose and invert-sugar were less than that of dextrose. This fact 
is well shown in the foregoing results, and also in Table VII., which 
gives the amount of copper oxide reduced by 1 gram of each sugar at 
different stages of reduction. It has been stated by J. O’Sullivan 
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(Trans., 1892, 61, 408) and by Heron (loc. cit.) that the reducing 
power of invert-sugar is the same as that of dextrose, but this is nega- 
tived by our results, which are, on this point, in accord with those of 
Kjeldahl (Joc. cit.), Ost (Ber., 1890, 23, 3003), Honig and Jesser 
(Monatshefte, 1888, 9, 562), Soxhlet (/. pr. Chem., 1880, 21, 227), and 
other workers. 

The results obtained by these workers, although not exactly the 
same as ours, owing to the differing conditions of experiment, yet 
show that levulose has an appreciably lower reducing power than 
dextrose, and that the cupric-reduction of invert-sugar stands inter- 
mediate between the two. 

If we take the results expressed in Table VII, and calculate from 
them, at certain points, the cupric-reducing power, x, expressed on the 
old basis of 2°205, we get the following values for the three sugars. 


Milligrams Dextrose Levulose Invert-sugar 
Sugar. K 


. K. K. 
50 116°9 104°7 110°7 
100 1151 105°7 110°2 
150 111:0 103°1 107°2 
200 106°3 100°1 103°6 


If, however, we take the value of dextrose at each of the above 


points as 100, and express the values of levulose and invert-sugar as 
percentages on this number, we get the following results. 


Milligrams 
Sugar. Dextrose. Levulose. Invert-sugar. 


50 100 89°60 94-72 
100 100 91°84 95°74 
150 100 92°85 96°56 
200 100 94°11 97°05 


We see, then, from these numbers, that if the reducing power of 
dextrose be taken as 100, when what may be regarded as the usual 
amount of copper is reduced (150 to 200 milligrams), the values to be 
assigned to levulose and invert-sugar closely approximate to those 
which have been usually taken for these sugars. 

In our former paper, to which reference has repeatedly been made, 
‘ we showed the great influence which the amount and nature of the 
alkali in the Fehling’s solution exercised on the quantity of copper 
reduced by a given weight of maltose, or of the starch-transformation 
products. With dextrose and levulose, the influence is far less. 
Kjeldahl has shown (Joc. cit.), and we have confirmed the observation, 
that the amount of sodium hydroxide per litre may be varied within 
fairly-wide limits, without producing any considerable alteration in 
the amount of copper reduced by a given weight of dextrose ; whilst 
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Glendinning has proved (Trans., 1895, 67, 999) that an equivalent 
amount of potassium hydroxide may be substituted for the sodium 
compound without causing any alteration in the reducing power. 

The variant which has the greatest influence in the case of dextrose 
and levulose is the state of dilution of the Fehling’s solution. If the 
50 c.c. of Fehling’s solution is diluted with 100 c.c., 150 c.c., or 
200 c.c. of water, instead of with the 50 c.c. of our standard method, 
the reducing power is appreciably lower at all stages of reduction, 
and the greater the dilution, the greater the difference. This is well 
seen in the following table, in which the results are given in terms of 
x absolute. 


Table VIII.—Reducing Power of Dextrose and Levulose at different 
Degrees of Dilution. 


Dextrose. | Levulose. 


Dilution | Dilution | Dilution 
1:2 | 1:8 | 1:4 
| | 


Dilution | Dilution | Dilution 
bee # oy ee a 


0°0725 | 5° 1152 | 118° 
0°0846 — — 
01120 1139 | 111° 
0°1275 - 

0°1697 —- 

0°1830 ‘ | 107°8 
0°1901 i -- 


104°1 1022 | 101°9 
101°9 1009 | 998 


1 

| 

| 

ie i Ri le 
| 1050 | 1026 | 102'9 
i] 

| 


| 1010 | 997 | 989 
| | 


The degree of dilution has, however, a much greater influence on 
the reducing power if the experiments are made in a different manner, 
namely, by keeping the total volume of solution constant, and decreas- 
ing the amount of Fehling’s solution in such volume. Kjeldahl made 
a series of experiments in this way, using 15, 30, 50, and 75 c.c. 
respectively of Fehling’s solution and making up the volume in 
each case to 100 c.c. When nearly the maximum amount of copper 
was precipitated from the more dilute solutions, much lower values 
than those given above were obtained for the cupric-reducing powers, 
and we have confirmed these observations by direct experiment. 


In our former paper (this vol., p. 106), we fully discussed the 
limits of error of the methods employed for the determination of 
solution density and cupric-reducing power, and they, therefore, need 
not be recapitulated here. 
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XXIII.—Researches on the Terpenes, VII. Halogen 
Derwatives of Camphor and ther Reactions. 


By J. E. Manso and J. A. Garpner. 


In 1882, De la Royére (Bull. Soc. Chem., 38, 579) described a compound 
of the formula C,,H,,Br,, which he obtained by the action of phos- 
phorus trichloride and bromine on camphor. He subsequently showed 
(Bull. Acad. Belg., 9, 565, 10, 759) that two isomeric compounds were 
obtained, both capable of forming, by loss of HBr, one and the same 
tribromocamphene, C,,H,,Br,. We had begun to study the action of 
phosphorus trichloride and bromine on camphor and on various members 
of the turpene group in ignorance of the work of De la Royére, and it 
will be seen that the results which we have obtained in the case of 
camphor confirm those of the Belgian chemist, differing from his only 
in points of detail. 


Action of Phosphorus Trichloride and Bromine on Camphor. 


The quantities taken were such as to correspond approximately with 
the equation C,,H,,0 + PCl, + 3Br, =C,,H,,Br,+POCI,+2HBr. The 
phosphorus trichloride and bromine were mixed in chloroform solution, 
and the camphor added gradually, the whole being kept cool. At first, 
a red, crystalline compound is formed, possibly C,,H,,OBr,, which 
gradually disappears, hydrogen bromide being evolved, and the liquid 
becoming nearly colourless after a few days. It is then poured on ice, 
and the chloroform solution, separated from the aqueous liquid, is allowed 
toevaporate. The crystalline product, which is readily soluble in chloro- 
form, is dissolved in hot, light petroleum, in which it is only sparingly 
soluble and, on cooling, the greater part, consisting of the a-compound, 
crystallises out. It melts at 168°, and forms small, fluffy crystals. On 
evaporating the mother liquor at the ordinary temperature, the B-modi- 
fication crystallises out in large transparent plates melting at 144°, 
along with small crystals of the a-compound, from which it can be sepa- 
rated mechanically. Occasionally, the two forms crystallise together in 
the form of round, crystalline nodules, apparently homogeneous, and 
melting about 120°; they may, however, be separated by recrystallisa- 
tion and mechanical selection of the two kinds as before. The yield is 
good, although a, quantity of oily matter is also formed, which we were 
unable to crystallise. 

a-Tribromocamphene hydrobromide.—This crystallises from light petro- 
leum in the form of a white powder ; it is much more readily soluble 
in chloroform, and on evaporation is deposited in large, hard, colourless 
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crystals melting at 168°. It is dextro-rotatory, [a],= +90°3° in chloro- 
form solution. 
On analysis, it gave the following percentage composition. 


Carbon. Hydrogen. Bromine. Total. 
26°24 3°14 70°46 8 =©99°84 
Calculated C,,H,,Br, 26°43 3°08 70°48 99°99 


B-Tribromocamphene hydrobromide.—This compound, which is formed 
in much smaller quantity than the other, crystallises from petroleum 
in large, transparent crystals melting at 143—144°. It also is dextro- 
rotatory, but much less so than the a-compound. In chloroform solu- 
tion, it gave [a],= +7°6°. 

The following are the results of analysis. 

Carbon. Hydrogen. Bromine. Total. 
26°59 3°24 70°34 100717 
Calculated C,,H,,Br, 26°43 3°08 70°48 99°99 


Action of Phosphorus Trichloride and Bromine on Borneol. 


Borneol was treated in the same way as camphor, the substances 
being taken in the proportion of 4 mols. of bromine to 1 of borneol and 
1 of phosphorus trichloride. Much hydrogen bromide was evolved, and 
the product, after treatment with water, gave crystals from a mixture 
of alcohol and chloroform melting at 166—168°. They were recrystal- 
lised from light petroleum. It gave[a],= + 91° in chloroform solution. 


Calculated 


Bromine 


The crystals were thus identical with the a-compound obtained from 
camphor. It should be mentioned that the melting point of the 
a-compound varies according to the conditions under which the sub- 
stance is heated. If it is heated very slowly, it melts at 168°, decom- 
posing at the same time ; but if it is heated rapidly, the temperature 
may reach 173° before the substance melts. It would appear that 168° 
is the temperature at which the compound begins to decompose, rather 
than its actual melting point. 

The action of phosphorus trichloride and bromine on menthone and on 
fenchone has been investigated, but liquid products only were obtained. 
On a-bromocamphor of m. p. 76°, there is only a slight action, with the 
production of a compound probably identical with a-tribromocamphene 
hydrobromide. 
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Action of Phosphorus Trichloride and Bromine on Turpentine. 


Dextrorotatory turpentine was subjected to the action of bromine 
and phosphorus trichloride in chloroform solution. Thirty grams of the 
turpentine, 30 of phosphorus trichloride, and 76 of bromine were em 
ployed. After treatment with ice, an oil was obtained which was dis- 
solved in light petroleum, and alcohol added so as to form two layers. 
Crystals were obtained which were recrystallised from a mixture of 
chloroform and alcohol. They form colourless needles melting at 150°. 


Carbon. Hydrogen. Bromine. Total. 


19°34 252 78:18 100-04 
Calculated C,,H,,Br, 19°54 228 7818 100-00 


The action of phosphorus trichloride and bromine was tried on 
camphene and on turpentine hydrobromide, but liquid products alone 
were obtained. The action in the case of d-turpentine was very slow, and 
the yield of crystals small, only 4—5 grams of pure substance being 
obtained from the 30 grams of d-turpentine taken. All the bromine was 
used up, but the quantity employed was not sufficient to form a hexa- 
bromide, as it was not expected that this substance would be formed. 


Tribromocamphene, C,,H,,Br;. 

When a-tribromocamphene hydrobromide from camphor is boiled for 
several hours with sodium methoxide, it loses hydrogen bromide and 
forms tribromocamphene. This can be purified by distillation in steam, 
when it comes over slowly ; if not distilled with steam, it is apt to be 
coloured yellow. Tribromocamphene crystallises in long needles from 
alcohol ; it also crystallises well from ether and from ethylic acetate. 
It is very soluble in chloroform, and is left on evaporation of this 
solvent as a porcelain-like mass. It melts at 75—76°, and its specific 
rotation in chloroform solution is [a])= +32°5° 


Carbon. Hydrogen. Bromine. 
32°15 3°73 64°29 
Calculated C,,H,,Br, .... 32°17 3°48 64°34 


The £-tribromocamphene hydrobromide yields the same tribromo- 
camphene when treated in the same way with sodium methoxide. 
The specimen obtained from the B-compound melted at 75—76°, and 
its specific rotation in chloroform solution was [a ]p= + 31:5". 

The production of the same tribromocamphene from two isomeric 
tetrabromo-compounds leads us to infer that, in the latter, three of the 
bromine atoms occupy the same position in the two isomers, and that 
the isomerism depends on the position of the fourth. The tribromo- 
camphene is a saturated compound, It neither absorbs bromine nor 
decolorises permanganate. 


x 2 
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Action of Phosphorus Pentachloride on Camphor. 


Camphor was treated with about 14 times its weight of pentachlo- 
ride of phosphorus, using Spitzer’s method, the whole being kept 
cool. The camphor slowly liquefies, and the pentachloride gradually 
goes into solution with slight evolution of hydrogen chloride. After 
seven or eight days, the mass was treated with ice, care being taken 
that, during the decomposition of the oxychloride of phosphorus, the 
temperature should not rise, as, if this happens, a considerable decom- 
position occurs, and the product of the action is profoundly altered, 
becoming dark coloured and partly liquid. By operating in the cold, 
however, a white, solid product is obtained ; this, according to Spitzer, 
after purifying by crystallisation from ether, is camphene dichloride, 
a substance melting at 155°. By treatment with light petroleum, how- 
ever, it is possible to separate the original substance into two, one very 
soluble in petroleum and separating on evaporation in small crystals 
which aggregate into masses, the other scarcely soluble in petroleum in 
the cold, but crystallising from the hot solvent in large, hard, transparent 
crystals. The amount of the latter product is variable, but in two experi- 
ments about 35 per cent. of the weight of the camphor was obtained ; 
it is not improbable, however, that it may reach 50 per cent., the excess 
remaining dissolved in the petroleum. We call this compound a-ch/oro- 
camphene hydrochloride, and the one more soluble in petroleum f-chloro- 
camphene hydrochloride. : 

a-Chlorocamphene hydrochloride.—This compound, as stated above, is 
left as a white, crystalline powder sparingly soluble in cold, light petro- 
leum ; from the hot solvent, it separates in hard, large, transparent 
crystals melting at 165° with decomposition, and having the rotatory 
power [a] = —27-7° in chloroform solution. This substance also crys- 
tallises well from alcohol in similar hard, distinct, crystals which show no 
tendency to aggregation. It does not give off hydrogen chloride on 
keeping ; at 100°, it slowly evaporates. ; 

Carbon. Hydrogen. Chlorine. Total. 
58°0 81 34°3 100-4 
Calculated C,,H,,Cl, 580 7:7 34:3 100-0 


B-Chlorocamphene hydrochloride.—It is not certain that this sub- 
stance has at present been obtained free from the a-modification, and we 
are still engaged in investigating it. It forms the part more soluble 
in light petroleum, and is left, on evaporating the solvent, as a white, 
adherent, crystalline mass. It crystallises well from alcohol, and these 
crystals also adhere to one another when dry, and stick to glass and 
paper. It slowly loses hydrogen chloride when kept, so that a bottle 
containing it, after standing for some time, smells of the gas ; in this, it 
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resembles Spitzer’s compound. Its rotatory power is less than that of 
the a-compound. The value [a])= —13°6° has been found in chloro- 
form solution ; in one specimen, however, the rotation was as low 
as— 9°. 

Chlorocamphene, ©,,H,,Cl. 


€ a-Chlorocamphene hydrochloride (10 grams), prepared from camphor, 
was boiled for several hours with zinc dust (7 grams) and glacial acetic 
acid. On distilling in steam, a solid of low melting point came over 
which was taken up by ether and distilled. It boiled at about 202° 
and solidified in the receiver. Its rotation was taken in chloroform 
solution [a]= —29°3°. The chlorine was determined. It gave, 


Calculated C,)H,;Cl. 
Chlorine ‘ 20°8 


B-Chlorocamphene hydrochloride, treated in the same way with zinc 
and acetic acid, yielded a product which distilled for the most part at 
about 205°, but the temperature rose to 220° before all had come over. 
The distillate, which was solid, was again treated with zinc and glacial 
acetic acid, and finally a product obtained which distilled between 199° 
and 201°. It wasa solid of low melting point, and gave the specific rota- 
tion in chloroform solution [ a |) = — 33:2°. A determination of chlorine 


gave 
Found. Calculated C,)H,,Cl. 


Chlorine 20°8 


The chlorocamphene thus obtained acts asa saturated compound ; 
it does not decolorise permanganate of potash at the ordinary tempera- 
ture, and is acted on by bromine with evolution of hydrogen bromide. 

It is not improbable that the chlorocamphenes from the a- and 
B-hydrochlorides are identical, but we have not been able finally to 
establish this point. There seems little doubt that Pfaundler (Anna- 
len, 1860, 115, 36) previously obtained chlorocamphene, but was wrong 
in attributing its formation to the proportions of camphor and penta- 
chloride of phosphorus taken ; this must be attributed rather to his 
having heated the mixture, and thereby decomposed a portion of the 
dichloride of camphene into chlorocamphene and hydrogen chloride. 

Spitzer (Annalen, 1879, 196, 260) was unable to obtain chlorocam- 
phene in a pure state by Pfaundler’s method, nor did his camphor 
dichloride yield chlorocamphene when heated with water, or with 
water and marble, or with aniline at 110° (Sitzungsber. Akad. Wien, 
1880, 596). We had made several experiments on the dichloride ob- 
tained by Spitzer’s method, with a view to the production of chloro- 
camphene, before we found that this dichloride was a mixture ; our ex- 
periments show, however, that although the dichloride readily loses some 
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of its hydrogen chloride, it is difficult to remove the whole so as to form 
monochlorocamphene. Not unfrequently, the product obtained gave 
an amount of chlorine just midway between the monochloride and the 
dichloride, as Spitzer himself found. For instance, the dichloride (34 
grams), mixed with aniline (30 grams), was boiled for half an hour; 
after the aniline had been removed, the solid product contained 27:5 
per cent. of chlorine, distilled between 205° and 230°, and had a rota- 
tory power in chloroform of [a])= — 27:0°. 

Some of the dichloride, after being boiled with aniline, was separated 
and heated in a sealed tube with quinoline at 250°; when the product 
was distilled after removal of the quinoline, the greater portion 
passed over between 198° and 200°, and became solid. It gave 20°5 
per cent. chlorine (calculated for C,)H,,Cl, 20°8), and its specific rota- 
tion in a mixture of alcohol and chloroform was [a])= — 5°. 

It was found that the dichloride, when distilled by itself, lost hydro- 
gen chloride, and that its rotatory power increased with each successive 
distillation. Thus, a specimen of the dichloride having the specific 
rotation [a],)= —9°, when distilled, gave off hydrogen chloride, the boil- 
ing point rising to about 225° ; this distillate had the specific rotation 
[a]p>=-—19° in chloroform. After a second distillation, the specific 
rotatory power rose to [a |,= — 30° in chloroform, and after a third dis- 
tillation to —35°. The distillate was now crystallised from alcohol, 
and the crystals gave 23 per cent. of chlorine. 

Another quantity of dichloride distilled in a current of hydrogen 
chloride did not show this increase of rotatory power. After three 
distillations in a current of the gas, the distillate, after crystallisation 
from alcohol, had the specific rotation [a])= —7°7° in chloroform, and 
contained 31:1 per cent. of chlorine. 


Hydroxycamphene, or Camphenol. 


Chlorocamphene (p. 289) is very stable under the action of the usual 
reagents employed to replace chlorine or to remove hydrogen chloride. 
Thus, we found that quinoline at 250° did not remove hydrogen chloride. 
Moreover, when chlorocamphene is heated with potassium acetate and 
glacial acetic acid at 220°, it is recovered apparently quite unchanged. 

Chlorocamphene, however, dissolves in cold, sulphuric acid, giving off 
torrents of hydrogen chloride and forming an orange-red liquid, a sub- 
stance being produced from the chlorocamphene by replacement of the 
Cl atom by OH. There is a certain quantity of tarry matter produced 
at the same time, but the yield is very good if the sulphuric acid has 
been previously diluted with about 5 per cent. of water, and if care be 
taken to keep the mass cool when the sulphuric acid solution is after 
wards diluted with water. 
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The process adopted is as follows: Chlorocamphene (34 grams) was 
added to strong sulphuric acid (340 grams) previously diluted with 
5 per cent. of water ; the action was brisk, much hydrogen chloride 
being evolved, with frothing. The red liquid was then poured into 
excess of water, and distilled with steam, about 20 grams of oil being 
obtained in the distillate. This was extracted with ether, distilled, 
the distillate dissolved in sulphuric acid containing 10 per cent. of 
water, and the solution shaken with light petroleum, ot remove any 
chloro-compound or other impurity not dissolved in the sulphuric acid. 
The acid solution was again diluted with water, distilled with steam, 
and the oil, which is lighter than water, was extracted with ether and 
distilled. It all came over within range of 10°, the boiling point 
being at about 230°. 

A number of analyses were made of different specimens of hydroxy- 
camphene, which, however, were found still to contain traces of 
chlorine, nearly 1 per cent. being found in one specimen, This 
chlorine does not appear to be removed by the action of sulphuric acid, 
and is probably due to the presence of some higher chlorinated substance 
in the chlorocamphene used, as chlorocamphene carefully purified by 
frequent fractionation was found to yield hydroxycamphene quite free 
from chlorine. I. gives the analyses of 5 specimens of hydroxycamphene, 
all of which contained traces of chlorine. II. Analysis of hydroxy- 


camphene free from chlorine. 
Calculated 


Found. Cj) H,,0. 
L { Carbon 783 785 780 778 778 789 
103 102 105 104 108 105 
Calculated 
Found. C,9H,,0. 
IL { Carbon 78°9 
Hydrogen : 10°5 


Hydroxycamphene, or camphenol, is a colourless liquid which becomes 
slightly yellow on standing. It has a fragrant, camphorous smell, and 
burning, aromatic taste. It boils at about 230°, and the density a is 
d 18'5°/18-5°=0-9347.* It is insoluble in water, but dissolves ap- 
parently unaltered in strong sulphuric acid, in strong nitric acid, and 
in a saturated solution of hydrogen chloride in water. Bromine acts 
on it with evolution of hydrogen bromide. Sodium attacks it with 
evolution of gas and formation of a solid compound. Acetyl chloride 
does not act readily on the substance when cold, but on boiling it 
with benzoyl chloride, hydrogen chloride is evolved in abundance ; 
phosphorus pentachloride also acts violently with evolution of hydro- 
gen chloride. When acted on by potassium dichromate and dilute 


* The specimen used contained traces of chlorine. 
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sulphuric acid, part of the substance is destroyed, but a large part is 
recovered unchanged. There is no evidence of the formation of a 
ketone in this reaction. We are still engaged in the further study of 
this compound ; we may, however, put forward the opinion that, taking 
into account the various properties of the substance, there seems no 
doubt that it is an alcohol, most probably a tertiary alcohol and a 
saturated compound. 


Nomenclature. 


In giving names to the compounds described in this paper, we have 
considered them as derivatives of camphene. This seems to be the 
simplest mode of regarding them, and the most suitable for purposes 
of nomenclature. Moreover, camphene itself is derived from cam- 
phor in a way similar to that by which these compounds are them- 
selves derived, and for the sake of simplicity, as well as from the 
point of view of general analogy, this method of nomenclature 
appears to be the most suitable. 


Conclusion. 


The views which we have put forward from time to time as to the 
constitution of camphor and of camphene appear to us to be supported 
by the facts described in this paper. We have insisted on the saturated 
character of camphene as well as on that of camphor. Just as we 
have camphene derived from camphor through borny] chloride, so we 
have a saturated tribromo-compound and a saturated monochloro- 
compound derived from camphor in a very similar way. We have, in 
a previous paper, endeavoured to explain the relationship of camphene 
to camphor, and the saturated character of each of them, by the 
assumption of the existence of two ring formations in camphor and 
of not less than three ring formations in camphene, the mutual con- 
version of compounds of one class into those of the other being 
effected by the making or breaking of a ring formation. The nature 
of the compounds can hardly be reconciled with formule for camphor, 
such, for example, as those proposed by Bredt and by Tiemann, 
formule which, as we have already pointed out, do not seem to us 
to be sustained even by the evidence brought forward by their 
supporters. Besides the saturated character of camphene, we have, in 
particular, the production of one and the same tribromocamphene 
from two different tetrabromides, and probably the production of 
the same monochlorocamphene from two different dichlorides, and, 
further, the production of an isomeride of camphor from chloro- 
camphene. In the latter instance, we should have expected, from 
Bredt’s formula, to have obtained, not an isomer of camphor, but cam- 
phor itself. 
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We append to this paper notes on the crystallographic characters of 
some of the crystals kindly contributed by Prof. Miers and Mr. H. L. 
Bowman. 

CHEMICAL LABORATORY, 


UNIVERSITY MusEvM, 
OxFORD. 


CRYSTALLOGRAPHIC DETERMINATIONS. 
By Pror. Miers anp Mr. H. L. Bowman, 


a-Tribromocamphene Hydrobromide (Crystallised from Ether). 


System anorthic— 
Axial angles a= 112°22’. 
B=114°58’. 
y= 73°18’. 
Axial ratios, a:6:¢=1°1135:1:1-°0189. 
Observed forms, P{100}, e{010}, g{001}, A{111}, n{110}, a{OT]}, 
1{430}, m{410} ? 
Fig. 1. 


a-Tribromocamphene hydrobromide crystallised from ether. 


edges. | 


| } 


Pe 100: | 98°424’ 
ge 001: | 72°88’ 
Pg 100: | 69°194’ 69°9’ —69°27’ 
Ph 100: 11 69°55’ 69°33’—70°18" 
eh 010: ul Sz?’ | 61°18’— 61°56’ 
Pn 100: 53°334’ |  53°33’—53°S4’ 
Pa 100: 64°15’ | 63°35’-—-64°57’ 
Pil 100: $4°55’ | — 

ga 001:01 53°4’ —- 

Pm 100 : 410 2 17°40’ — 


98°28’—98°57’ 
72°25’—73°5’ 


! 

Angles. Observed. Limits. No. of ee 
| 
| 


ere CODD CO CO Ors 
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Traces were seen of a face on the edge between (100) and (001) 
making an angle of about 553° with (100) ; also of a face on the edge 
between (010) and (110) making an angle of about 33° with (010). 

The crystals were extremely imperfect, and variable in habit ; some 
appeared to be twinned, the plane of union being parallel to h (111), 
and the crystal being traversed by a lamina parallel to that face. 

Birefringence strong; an optic axis emerges obliquely through 
P (100), the plane containing the optic axis and the normal to P being 
nearly parallel to the edge Ph. 


B-Tribromocamphene Hydrobromide. 


System orthorhombic— 
a:b:e=0°7203 :1:0°6621. 
Observed forms, a{100}, {010}, m{110}, r{011}, /{102}, #{120}, 
x may possibly be hemihedrally developed, appearing sometimes at 


only one end of the brachydiagonal a. 


Fic. 2. 


8-Tribromocamphene hydrobromide, m. p, 144°. 


Observed. Limits. No. of Calculated. 
| 


| | | 

br 010:011 56°293’ 56°29’—56°30’ = 
am 100:110 35°46’ 85°43’—35°54’ — 
af 100:102 65°22’ 65°20’— 65°24’ 65°25’ 
mf 110 :102 70°124" 70°16’ 
az 100:120 | 55°4’ 55°14’ 


| 
i] 


Optic axial plane (001); acute bisectrix perpendicular to the face 
(010). Birefringence strong, negative. 

Optic axial angle, as measured through a natural crystal immersed 
in cedar oil, was found to be 53°45’ for sodium light. 

The crystals are tabular owing to the large development of the 
faces {100}. eet Sees 
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Tribromocamphene (crystallised from alcohol). 


System orthorhombic— 
a@:b6:c=1:0410: 1: 0°6164. 
Observed forms, m{110}, s{011}, r{101}. 


Fie. 8. 


Tribromocamphene crystallised from alcohol. 


No. of 


edges, Calculated. 


Angles. | Observed. | Limits. 


mm 110 : 110 87°42’ | 87°7' —88°4’ — 
ss 011:011 | 63°18’ | 63°15’—63°22’ a 
sr 011:101 | 42°57’ — 42°544’ 
ms 110:011 67°45’ | 67°42’—67°48’ 67°46’ 


Optic axial plane (001). 

An optic axis emerges through each face m, and at an inclination of 
6° to the normal of m, on the side towards the crystallographic axis }. 

Birefringence very strong ; the bisectrix which coincides with the 
crystallographic axis } is negative. 

The crystals from which the above results were obtained are acicular, 
the substance having been crystallised from alcohol. 

When crystallised from ether, the crystals were of quite different 
habit, being tabular, owing to increase of two opposite faces m. Some 
other faces occurred, possibly of the forms {120} and {221}, but these 
were too rough to give trustworthy measurements. 
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a-Chlorocamphene Hydrochloride. 


System orthorhombic— 
a:b:c=0°9169 :1: 05906. 
Observed forms, a{100}, 5{010}, m{110}, s{111}, {O11}, {101}, 
q{223}. 
Fie. 4. 


She SS 


-[--d---9p-. 


y 


xX 8, 


a-Chlorocamphene hydrochloride. 


Angles. Observed. Limits. Calculated, 


| 
mb 110: | 47°29’ | 47°22’—47°36’ — 
ms 110: | 48°42’—49°5’ — 
ma 110: | 42°15’—42°55’ 42°31’ 
ms 110:11 86°44’ 
bs 010: 63°36’ 


os 52°48’ 
om 58°2’ 
84°50’—85°11’ 85°2' 
- | 69°54’ 
[59°45’][59°47’] 2] | 59°464' 
br 010: | 59°18%’ | 59°15’ —59°22’ 59°26" 


vs 111: 
ee. Tees ] | 


mm 110:11 
mr 110: 
mq 110: | [59°46] 


Measurements inclosed in square brackets were only made by means of the 
maximum illumination of the faces. 

Optic axial plane (010). A negative bisectrix perpendicular to (001), 
the optic axes visible through (001) making a wide angle. 

Birefringence strong. 

The faces {100} are usually narrow. 

The face (111) is much smaller than (111). ' 

The face (223)g may possibly occur hemihedrally, since it was, in 
more than one instance, developed on one corner of the crystal alone. 

These crystals appear to be identical in form, though not in habit, 
with those described by F. v. Spitzer (Berichte Akad. Wien, 1880, 
71, p. 596). 


MINERALOGICAL DEPARTMENT, 
UNIVERSITY MusEuM, OXFORD. 
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XXIV.—Supposed Condensation of Benzil with Ethylic 
Alcohol. A Correction. 


By Francis Ropert Japp, F.R.S. 


I FIND that the compound described by me, in a paper published jointly 
with Miss Owens (Trans., 1885, 47, 90), as formed by the condensa- 
tion of benzil with ethylic alcohol, is in reality identical with Japp 
and Miller’s anhydracetonedibenzil, C,,H,,0, (m. p. 194—195°), and 
that its formation was due to the presence of acetone in the “ methyl- 
ated spirit” (alcohol “denatured” with 10 per cent. of crude wood 
spirit),* which was used instead of duty-paid alcohol in its preparation. 
We found it necessary to use an enormous excess of spirit in the re- 
action, and attributed this to the fact that, with more concentrated 
solutions, the caustic potash, which we employed as a condensing 
agent, converts the benzil into benzilic acid ; but the true explanation 
is that this large excess of spirit was required to furnish the requisite 
amount of the active impurity, acetone. 

The formula, C,,H,,0,, which we ascribed to the condensation com- 
pound, requires figures differing only very slightly from those required 
by anhydracetonedibenzil. In the case of the percentages of the 
various “solvents of crystallisation”—alcohol, benzene, and acetic 
acid—which we determined, the differences are smaller still. 

At the time the paper was published, we believed the compound to 
be identical with Limpricht and Schwanert’s ethyldibenzoin, C,,)H,,O,, 
which Jena was supposed to have obtained by the action of alcoholic 
potash on benzil, the reaction employed by us. On the strength of 
this belief, we proposed to alter Limpricht and Schwanert’s formula to 
C,,H,,0,, and we further cast doubt on the existence of an acetyl 
derivative which these investigators had described. 

I need not say that I greatly regret the publication of these per- 
fectly baseless criticisms on Limpricht and Schwanert’s work. 

Tam indebted to Professor Alexander Smith, of the University of 
Chicago, for privately informing me that he had not succeeded in pre- 
paring the compound from benzil and alcohol, and thus calling my 
attention to the matter. 


CHEMICAL DEPARTMENT, 
UNIVERSITY OF ABERDEEN. 


* For the benefit of foreign abstractors, the term ‘‘ methylated spirit” should 
always be defined when used ; failing which, I find that they invariably confound 
this substance with methylic alcohol. Thus in the Jahresbericht for 1887, p. 954, 
the abstract of a paper of mine is rendered quite unintelligible by this blunder. 
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XXV.—Presence of Gold in Natural Saline Deposits and 
Marine Plants. 


By A. Liversipez, LL.D., F.R.S., Professor of Chemistry in the 
University of Sydney. 


THE experiments referred to in this paper were made in 1895 in 
connection with an investigation into the presence of gold and silver in 
sea water *; but as the work has had to be laid aside for a time, the 
present paper may be regarded as a preliminary one. 

Amongst the substances already examined for gold are rock salt, 
sylvine, and other similar mineral substances, also bittern, the ashes of 
seaweeds, kelp, oyster shells, &c., all of which were found to contain 
both gold and silver ; the amounts of silver will be given in a subsequent 
paper. 

The process used for determining the amount of gold was to dissolve 
from 100 to 1000 grams of the salt in water, then to add, without 
previous filtration (since the gold may be wholly or in part in suspen- 
sion), from 0°5 to 5:0 grams of ferrous sulphate, and allow the latter 
to oxidise slowly by exposure to the air or by drawing air through the 
mixture ; the precipitate produced was then scorified with lead free 
from gold, and cupelled, or, to hasten the experiments, the iron hy- 
droxides were precipitated by the addition of a little ammonia. This 
process, as shown in one of the previous papers above referred to, 
does not throw down all the gold, so that the results are understated : 
later on, I hope to repeat the determinations by other and more 
efficient processes. 

My principal reason for examining the saline minerals was because 
gold occurs in sea water, and it is not unnatural to expect its presence 
in salts deposited from sea and other waters ; further, as I had found 
that fungoid growths removed gold from suspension and from solution,t 
I thought that seaweeds and other marine organisms might show 
an accumulation of gold. This I found to be the case. 

Amongst the results are the following. 


Rock Salt, Cheshire 1°7 grains of gold per ton. 
i » CR 1°49 ,, 
ss 9 9» Stassfurth 2°03 _,, 

Table Salt . . . . none ,, 


* (1) ‘*On the Amount of Gold and Silver in Sea Water.” Journ. Roy. Soe. 
N.S.W., 1895. (2) ‘On the Removal of Gold and Silver from Sea Water by 
Muntz Metal Sheathing,” ibid. ; see also Chem. News, 1896, '74, 182. 

+ ‘*On the Removal of Gold from Suspension and Solution by Fungoid Growths,” 
Report Aust. Assoc. Adv. Science, 1890. 
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Sylvine ... . . . 1*l grains of gold per ton. 
Deposit from Salt pan 13 ___s,, 

wee a cs Ce Ct 

Carnallite . . . .- 12 is 

Chilian nitre . . . 169 ,, Ps ” 


As might be expectec, bittern yielded larger quantities of gold than 
sea water; one specimen gave 5‘08 grains to the ton whilst another 
gave as much as 14 grains, but as it was a very old specimen of unknown 
origin, this result requires confirmation. 

One specimen of kelp was also. found to contain no less than 22 
grains of gold to the ton, but as the specimen was also very old and of 
unknown origin, this result must be confirmed, and I think it desirable 
to compare the results with those from other kelps. If, however, the 
sample be a fair one, then I think that the suggestion which I threw out 
in a previous paper, that it might pay to extract gold as a bye-product 
in the manufacture of salt, iodine, &c., will, perhaps, be justified. 

During the next year, I hope to examine further samples of bittern 
and kelp of both European and Australian origin. 

It would be extremely interesting to examine the mud and other 
deposits from salt pans or salterns ; especially from some of the old 
ones like those of Lymington, which have been used from Roman 
times, where, if the conditions have been favourable for the retention 
of the gold, we might find quite noticeable quantities of the precious 
metal. 

Another investigation which ought to be undertaken is to determine 
the amount of gold and silver in various minerals and rocks by more 
delicate processes than those used in assaying both in auriferous and 
non-auriferous districts, as it is one which could probably throw much 
light on the origin of gold in veins and similar deposits. 

Processes such as are described in the paper on the presence of 
gold in sea water should be used, inasmuch as the ordinary methods of 
assay are not sufficiently delicate. 


XXVI.— Production of Pyridine Derivatives from Ethylic 
B-Amidocrotonate. 
By J. Norman Co xtiz, Ph.D., F.R.S. 


Amongst compounds from which pyridine derivatives can be obtained, 
ethylic acetoacetate stands out prominently, and since-/Hantzsch (Ann., 
1882, 215, 10) showed that, by warming this compound with aldehyde- 
ammonia, diethylic dihydrocollidinecarboxylate was formed, almost 
svery year has seen some addition to the ever-increasing number of 


300 COLLIE: PRODUCTION OF PYRIDINE DERIVATIVES FROM 


closed ring nitrogen compounds which can be produced either from 
ethylic acetoacetate or its condensation derivatives. 

I have already called attention to the fact that when ethylic B-amido- 
crotonate is destructively distilled, various pyridine derivatives are 
formed (Ann., 1884, 226, 297 ; Trans., 1891, 50, 172 ; also Trans., 1895, 
67, 215), the chief product being ethylic lutidonemonocarboxylate. 

I have also shown how pyridine derivatives could be produced by 
the same kind of reaction from dehydracetic acid and from triacetic 
lactone, both condensation products of ethylic acetoacetate. 

Some years ago, during attempts to obtain larger quantities of ethylic 
lutidonemonocarboxylate, I prepared the hydrochloride of ethylic 
8-amidocrotonate in the hope that, when it was heated, it would con- 
dense at a lower temperature, according to the following equation: 
C,H,,NO,,HCl + C,H,,NO, =C,,H,,NO,+NH,C1+C,H,-OH. The re- 
action took place at once, and a large quantity of a pyridine com- 
pound was obtained, but I was astonished to find that, not only was 
the product of the action a mixture of two substances, but that they 
both had tke formula C,,H,,NO,, and also that they were both entirely 
distinct in properties from ethylic lutidonemonocarboxylate; their 


melting points were as follows. 
Ethylic lutidonemono- 
Compound A. Compound RB. carboxylate. 


138—139°* 166—167° 163—164° 


A short note of the reaction was published in 1887 (Ber., 20, 445), 
and, since then, from time to time I have investigated the properties of 
these two substances and their compounds. They are both ethylic 
salts, and yield alcohol and the sodium salts of acids when warmed 
with caustic soda solution. The melting points of the acids are— 


Lutidonemono- 
Compound A, Compound B, carboxylic acid. 


300—304° 190—191° 254—256° 


When heated above their melting points, they both decompose quanti- 
tatively into pseudolutidostyril, a substance first obtained by Hantzsch 
(Ber., 1884, 1'7, 2904). Now lutidonemonocarboxylic acid, when 
heated, yields lutidone, 


NH NH 
CH,-¢ CO cH CH 
HC CH HC CH 


\ cF > ee) if 
| 
CH, 
Pseudolutidostyril. Lutidone. 


* All the melting and boiling points given have been determined by means of a 
set of Auchiitz thermometers, and are therefore corrected temperatures. 
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and as both the acids from compounds A and B gave pseudolutido- 
styril, it seemed possible that the difference between them might lie in 
some stereochemical molecular arrangement. After furthur study of 
their properties, however, I have abandoned this idea, as it is quite 
possible to explain their various differences and the production of 
pseudolutidostyril by ordinary graphic formule. The interesting fact 
still remains that, if ethylic B-amidocrotonate is heated alone, it yields 
lutidone derivatives, whilst its hydrochloride yields two isomeric com- 
pounds which are derivatives of pseudolutidostyril. 
The formation of these two ime may be explained as follows. 


CH,-C-NH——CO 
COOEt: C- C(CH,):CH’ 


= 


_— B- amidocrotonate Compound A, m. P. 138—139 
hydrochloride. or ethylic pseudolutidostyril 
. monocarboxylate. 


whilst the tautomeric modification of ethylic B-amidocrotonate would 
. 
COOEt-CH,*C:N—-— C-OH 
HC:C(CH,):CH 
Ethylie B- ‘imidobutyrate. Compound B, m. p. 166-167°. 


This reaction is precisely similar to that which takes place when ethylic 
lutidonemonocarboxylate is formed (compare Trans., 1895, 67, 401), 
when dehydracetic acid is heated with strong ammonia, or when dehy- 
dracetic acid is produced by the distillation of ethylic acetoacetate. 
The production of pseudolutidostyril from the free acids of either of 
the two compounds A and B is easily accounted for— 
A 


COOH-CH,'C 


Acid A. Acid B. 
These compounds are, therefore, derivatives of isodehydracetic acid, 


O 


CH, C 
COOHC 


VOL, LXXI. 
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the connection of that acid with pseudolutidostyril was first pointed 
out by Hantzsch (Ann., 1884, 222, 46). 

A great deal of the work that has been done with these nitrogen 
compounds has been with the object of attempting to arrive possibly at 
reactions by which it would be possible to follow, step by step, the 
formation of true pyridine compounds. These oxy-derivatives are 
hardly true pyridine derivatives, being almost devoid of basic pro- 
perties, but yet are as closely allied to pyridine as phloroglucinol is to 
benzene. When treated with chlorinating agents, they give chloro-deri- 
vatives which, without doubt, contain the atomic linking present in 
pyridine itself. One is, therefore, able to follow the gradual change 
from an open chain compound, such as ethylic #-amidocrotonate, 
through a series of reactions, none of which need a high temperature, 
until, finally, true pyridine derivatives are obtained. 

These oxypyridine compounds, therefore, supply excellent material 
for the investigation. From their formation and properties, the evidence 
seems to be more in favour of the linking in the pyridine ring 
resembling that of benzene, than that it should be represented by the 
formula suggested first by Lieben and Haitinger. For, although the 
formation of y-chlorolutidine by treating lutidone with phosphorus 
pentachloride seems to favour Lieben and Haitinger’s formula, 


NH 
gt na "7? hy 
CH,-¢ 0: CHC CH, 
H CH HC CH’ 
\co7% \oor” 


Lutidone. +-Chlorolutidine. 


still the production of a-chlorolutidine from pseudolutidostyril is in 
direct opposition to such an atomic grouping, 


NH N 
AY 
cHyg cto cH,;¢ cl 
HC © CH! HC CH | 
ae \ oF 
CH, CH, 


Pseudolutidostyril. a-Chlorolutidine. 


The explanation which agrees best with all these reactions is that 
the internal linking of the pyridine ring resembles that of benzene, 
and therefore it may be expressed either by the original formula for 
pyridine that Korner first suggested, or by what is practically identical 
with it, the centric formula. 


ee T= 2 af wa ee en 
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Action of Heat on the Hydrochloride of Ethylic B-Amidocrotonate. 


When perfectly dry hydrogen chloride is passed into a dry ethereal 
solution of ethylic B-amidocrotonate, a precipitate begins to form 
almost at once, and settles to the bottom of the flask as a semi-crystal- 
line mass. This crystalline compound is at once decomposed by water 
into ammonium chloride and ethylic acetoacetate, but if collected 
carefully and analysed, it is found to contain 21°6 per cent. Cl, 43°4 
per cent. C, and 7°8 per cent. H. O,H,,NO,,HCl requires 22°3 per 
cent. Cl, 43°5 per cent. C, and 7°3 per cent. H. When the crystals 
are heated they partially melt, and an action at once occurs with 
evolution of heat, the mass becoming almost solid from separation of 
ammonium chloride. By treating the product with a small quantity 
of water, the ammonium chloride can be washed away, leaving a solid, 
crystalline residue, which dissolves almost entirely in boiling water ; 
after filtering from the small quantity of undissolved resinous matter, 
the filtrate, on cooling, sets to an almost solid mass of long, silky needles 
When purified by several recrystallisations from hot water, the 
compound melts at 138—139°. The mean of a large number of 
analyses gave the following result. 

C. H. N. 
61°6 69 73 
Calculated for C,,H,,NO, ... 61:5 6°6 72 


The molecular weight was determined by the Raoult method, using 
acetic acid as the solvent. 

Found, 194. M.W. of C,,H,,NO, = 195. 

The reaction, therefore, occurs according to the equation 

2C,H,,NO,,HCl = C,,H,,NO, + C,H,OH + NH,Cl+ HCl. 

As hydrogen chloride was evolved during the action, it was thought 
that time might be saved by only half-saturating the ethylic B-amido- 
crotonate with the gas. An experiment was made, using 100 grams of 
the amidocrotonate dissolved in ether, the solution being divided into 
two equal portions, one of which was treated with excess of gaseous 
hydrogen chloride, the other half added, and the ether evaporated 
off on a water bath. The flask was now transferred to an oil bath 
and heated to 120°, when a vigorous reaction occurred ; on cooling, 
the contents of the flask were treated with a small quantity of water 
to remove ammonium chloride, and the residue recrystallised from 
water. These crystals were found to be very different from those 
obtained before ; ultimately they proved to be a mixture of two com- 
pounds, one, A, melting at 138—139°, the other, B, melting at 
166-167° (the chief product). 

: Y 2 
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The new compound, B, was analysed ; the mean of several analyses 
gave, 
C. H. N. 
6°8 74 
Calculated for C,,H,,NO, ... 61°5 66 7:2 

The molecular weight was determined by the Raoult method, using 
glacial acetic acid as the solvent. Found, 195. C,,H,,;NO; requires 
M.W. = 195. 

From these analyses, it appears that the compounds A and B are 
isomeric, and at first it seemed that the change in the conditions of 
the experiment had determined the formation of the new compound, 
and that the semi-saturation of the amidocrotonate with hydrogen 
chloride was the reason for the production of B. This, however, was 
not found to be the case, for, on attempting to prepare compound A, 
using crude benzene (b. p. 80—120°) instead of ether, and fully saturating 
with hydrogen chloride, the compound B again seemed to be the chief 
product. This, however, was not always the case, for in another experi- 
ment with benzene, A was formed in considerably larger quantities than 
in the first trial; ultimately, after many different methods had been 
tried, it was found that, if the solvent used was evaporated off at a low 
temperature, so as to leave the hydrochloride in a pure condition, then, 
on further heating to a temperature of about 120°, compound A alone 
was produced, whereas, if crude benzene was used or excess of amido- 
crotonate, a varying mixture of A and B was the result. 

The yield of either of these compounds was never as much as 50 per 
cent., much resin being always formed at the same time. In one experi- 
ment, 400 grams of pure amidocrotonate was saturated with hydrogen 
chloride in ethereal solution, and 140 grams of A was obtained; whilst, 
in another experiment, 200 grams that had been semi-saturated with the 
gas gave 60 grams of B mixed with 5 grams of A. Compound A is easily 
purified by recrystallisation, but compound B is more difficult to 
separate from the resin formed at the same time; of the two, A is also 
the least soluble in water. Sometimes the separation was effected 
by warming with dilute solution of soda for a few minutes ; under these 
conditions, B was at once hydrolysed, whilst A remained undecomposed, 
and crystallised out again on cooling the solution. The acid, of which 
B is the ethylic salt, was recovered by acidifying the soda solution. 
To sum up,—(1) When 100 grams of ethylic B-amidocrotonate was 
dissolved in ether, and saturated with dry gaseous hydrogen chloride, 
and the ether evaporated, the residue, on heating, gave 30 grams of 
A melting at 138—139°. (2) When 100 grams of ethylic  amido- 
crotonate was semi-saturated with the gas and heated under similar 
conditions, 25 grams of B was obtained mixed with small quantities 
of A ; the yield of B, however, often varied in different experiments. 
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The theoretical amount that ought to be produced is 71 grams, the 
yield, therefore, is only 40 per cent. 

Of the various experiments tried, it may be mentioned that B was 
also produced in small quantities when ethylic B-amidocrotonate was 
treated with acetyl chloride. 

Both A and B are ethereal salts of acids, and yield alcohol and a 
sodium salt when boiled with caustic soda, But A has to be per- 
sistently boiled with strong soda solution before the decomposition is 
complete, whilst B, as has been already mentioned, is hydrolysed at 
once. Many attempts were made to convert the one into the other, 
but boiling with acids, heating with water alone in sealed tubes, or with 
acid did not effect the change. The compound A crystallises from hot 
water in long silky needles, but these become granular by stirring or 
standing when it is quite pure, and settle down to a thin layer at the 
bottom of the crystallising vessel. When boiled with acetyl chloride, no 
change occurs, and the substance may be heated with acetic anhydride 
at 140° for 6 hours with no result. Hydroxylamine does not seem to 
form any compound, and nitrous acid or boiling hydrochloric acid is 
without action on it. If it is heated at 100° with strong sulphuric acid 
and the mixture then poured into water, the unchanged compound 
separates out again. The action of heated soda lime was also tried. 
10 grams was mixed with and distilled over excess of heated soda lime; 
traces of ammonia were produced, but the chief product was an oil 
boiling at 280—285°,. This gave a well crystallised platinochloride, 
containing no water of crystallisation ; the mean of four analyses gave 
259 per cent. Pt. Theory for (C,H,,NO),,H,PtCl is 26-2 per cent. 

When the compound A is dissolved in glacial acetic acid, and bromine 
isadded in excess, a bromine compound is produced which can be preci- 
pitated by pouring the mixture into water; it recrystallises from 
alcohol in long, glistening needles, melts at 158—159°, and on analysis 
proved to be a monobromo-substitution product. The mean of several 
analyses gave C = 44:0; H= 45; N =5°3; Br = 29°1. Cale. for 
C,,H,,NO,Br: C=43'8; H = 44; N = 5:1; Br=29°2. 

Compound A also reacts with pentachloride of phosphorus. It is best 
not to dilute the substance with any solvent, but to add the penta- 
chloride in small quantities, keeping the flask heated in an oil bath at 
180°, 

The reaction is as follows :— 


C,,H,,NO, + PCI, =©,,H,,NO,Cl+ POCI, + HCl. 


The action is not violent, and after the oxychloride of phosphorus 
has been distilled off, the residue can be added to water and steam 
distilled. The oil which passes over when purified boils at 288—290° 
Its analyses gave the following numbers. C = 566; H=60 
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N=70; Cl= 166. Cale. for C,)H,,.NO,Cl: C = 562; H = 56; 
N = 65; Cl = 16°6. 

The chloride is a very stable substance, and is only decomposed 
slowly by boiling with potash. Some of it was treated for a week with 
tin and strong hydrochloric acid warmed on a water bath. By blowing 
steam through the neutralised product of the reaction, an oil boiling at 
246—248° was obtained, which, unlike the original chloride, had basic 
properties and formed a platinum salt melting at 208—210°. When 
this oil is boiled with aqueous soda and an acid added to the solution, 
a pyridine acid melting at 158—160° is precipitated. The platinum 
salt contained 25:4 per cent, of Pt, and the ether and acid were both 
free from chlorine. 

The substance which had been produced was, therefore, an ethylic 
ay-dimethyl pyridine B-carboxylate, and is probably identical with a 
compound produced by Michoel (Ber., 1885, 18, 2020) from ethylic aceqo- 
acetate. He found that the ether, C;H,N(CH,),*COOC,H,, boiled at 
246—247°, the platinochloride melted at 191°, and the acid had a melting 
point of 166°. This reduction of the chloro-derivative by tin and 
hydrochloric acid is of interest, because many of the chloropyridines 
are not acted on by nascent hydrogen produced in this manner. 
The compound A needs prolonged treatment with boiling and 
moderately concentrated soda to effect its decomposition. The sodium 
salt produced is decomposed on the addition of hydrochloric acid, and 
the free acid is at once precipitated. It is very insoluble in most 
solvents, but can be recrystallised from boiling water. When pure, it 
melts at a little above 300°, about 304°, and decomposes at once at 
that temperature, carbon dioxide and pseudolutidostyril being produced. 
It crystallises with 1 mol. H,O, and has the formula C,H,NO,,H,0. 
Auchiitz, Bendix, and Kerp (Ann., 1890, 259, p. 174) obtained an acid 
melting at 275° by heating isodehydracetic acid with ammonia; 
although they give the melting point as 275°, it probably is the same 
acid, for, on heating, it yields carbon dioxide and pseudolutidostyril. 

Several salts of this acid were prepared and analysed. The silver 
salt is thrown down as a white precipitate from neutral solutions. 
The copper salt is a light green precipitate. The lead salt crystallises 
from concentrated solutions in small tufts composed of nuicroscopical 
needles. The barium salt is also soluble, but crystallises from concen- 
trated solutions. 

Several analyses of the acids were made which gave results agreeing 
with the formula C,H,NO,,H,O. 

As already stated, when it is heated it decomposes at its melting 
point, giving carbon dioxide and pseudolutidostyril 


C,H,NO, = O,H,NO + CO,, 
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This reaction appears to be nearly quantitative. Five grams of the 
dried acid yielded 660 c.c. of carbon dioxide, and 3°6 grams of residue, 
the amount required by theory being 670 c.c. and 3°7 grams. ‘The 
residue agreed in every respect with pseudolutidostyril ; it melted at 
180—181°, and boiled at 306—307°. 

The analyses that were made also agreed with the formula C,H,NO. 
This substance was first prepared by Hantzsch (Ber., 1884, 17, 1026) 
by the action of sulphuric acid on 


CH, 
oH, 


COOH: C 
No 
a | 
é 


H, ‘ 
Methylpseudolutidostyril. 


The methylpseudolutidostyril was then converted into pseudolutido- 
styril by heating with hydriodic acid. As very considerable mole- 
cular change must have occurred during the production of methylpseudo- 
lutidostyril, it is of interest to be able to confirm the formula which 
Hantzsch suggested for pseudolutidostyril from the formation of that 
substance by a totally different set of reactions. 


NH 
OH.: F ie 
, ‘ 8C CO 
Pseudolutidostyril x ie 
HC CH 
NoF 


CH 


3 

According to Hantzsch, pseudolutidostyril, when heated with zinc 
dust, gave ay-dimethylpyridine. Before I had seen Hantzsch’s paper, I 
had tried the experiment, and as the results were slightly different, 
and the amounts used very much larger, they are worth recording. 

In one experiment, where 25 grams of the substance was heated with 
zinc dust, 12 grams of pyridine bases were obtained boiling between 
150 and 170°; these, on fractional distillation, gave, at 150—160°, 
2 grams ; 160—165°, 6 grams; 165—170°, 4 grams. The portion 
boiling from 150—160° was converted into platinochloride and re- 
crystallised ; it contained 31:0 per cent. Pt, and was without doubt 
the substance [(C;H,N(CH,),],.H,PtCl,, which contains 31:2 per cent. 
Pt and has no water of crystallisation. ay-Dimethylpyridine boils at 
156—157°, 
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The larger portion of the pyridine bases, however, boiled between 
160° and 170°, and gave a platinochloride less soluble in water than 
the former one. After many crystallisations, the salt, which melted 
at 217°, was repeatedly analysed. (1) C=29°4;H=3°9. (2) C=295; 
H=4-0. (3) Cl=33°1. (4) Six determinations of platinum, varying 
from 29°7 to 29°9. 

The substance is, therefore, a trimethylpyridine or a collidine. 


Lutidine. Collidine. 
[C;H,N(CHg)o]o,H,PtCl,. [C;H,N(CHg)3]o, H,PtCl,. Found. 
C 26:9 29°4 29°4 
H 3°2 3°7 3°9 
Cl 34:1 32:7 33°1 
Pt 31°2 29°9 29°9 


Some of the platinochloride was decomposed with hydrogen sulphide, 
and the free base obtained from the filtrate; its boiling point was 
167—168°. 

It gave C=79'2; H=9:1; N (by diff.) =11-7. 

, H. N. 

Lutidine, C-H,N ’ 8°4 13:1 
Collidine, C,H,,N ‘ 9°1 116 
971 11°7 

From the boiling point, probably, this collidine is the symmetrical 
trimethylpyridine. 


oN 
aa'y-Trimethylpyridine, CH,°C C-CHs. 
HC CH 


al 
H, 


o 


Ne 
pS 

According to Hantzsch (Ann., 1882, 215, 13), this collidine boils at 
171—172°, whilst Durkopf (Ber., 1888, 21, 2713) gives the boiling 
point 167—168". 

The remainder of the base was submitted to oxidation by perman- 
ganate of potash—for, according to Durkopf, uvitonic acid is pro- 
duced (pyridine-a-methyl-a’y-dicarboxylie acid), but the products were 
formed in such small quantity that no definite results were obtained. 

That it is a trimethylpyridine is of considerable interest ; and it is 
a curious fact that a substance like pseudolutidostyril should be thus 
changed into a collidine derivative when heated with zinc dust, and 
that Hantzsch’s collidine compound with strong sulphuric acid should 
yield pseudolutidostyril. Moreover, the chlorolutidine obtained by 
the action of pentachloride of phosphorus on pseudolutidostyril seems 
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to give nothing but lutidine (b. p. 156—158°) when heated with zinc 

dust. ‘ 
This chlorolutidine is produced almost quantitatively, 25 grams of 

pseudolutidostyril yielding about 22 grams of the chloro-compound. 


a-Chloro-a'y-dimethylpyridine, C; NH,(CH,),Cl. 


When pure, it boils at 212—214°. An analysis gave C=59°0, 
H=5°7, whilst C-H,NCl requires C=59:°3, H=5°6. It combines 
feebly with hydrochloric acid, and forms a stable platinochloride, 
which, when analysed, gave 2871 per cent. Pt. Theory for 
(C;H,NCl),,H,PtCl,= 28:1 per cent. The only way to prepare the 
hydrochloride is to saturate the oil with hydrogen chloride. The white 
solid hydrochloride thus formed was weighed, and it was found that 
the chlorolutidine had taken up 12:2 per cent. of hydrogen chloride, 
which is almost the amount necessary if 2 molecules of the chloro- 
lutidine react with 1 molecule of hydrogen chloride—12°8 per cent. 


2C.H,NCl+ HCl = (C,H,NCI),,HCl. 


The platinochloride seems, however, to be the normal compound, 
for it gave 28-0 per cent. Pt, and (C;H,NCl),,H,PtCl, contains 28:1 
per cent. Pt. 


ua 


Compound B, m. p. 166—167°, COOC,H,° CH,° C 
HC 
\¢ 


\ 
CO 
CH 

G 


ad 

The analysis and methods for the preparation of this substance 
have already been given (p. 304). 

When it is boiled with strong hydrochloric acid, it slowly decom- 
poses into the free acid (m. p. 190—191°), carbon dioxide, ethylic 
chloride, and pseudolutidostyril. It does not give an acetyl derivative 
when heated with acetic chloride or acetic anhydride, but, as already 
stated, it is hydrolysed at once by alkalis (difference from compound A), 
and on adding an acid to the alkaline solution, the free acid crys- 
tallises out. 

Unlike the compound A, it does not react in a simple manner with 
pentachloride of phosphorus. Even when it is dissolved in various 
solvents, and the pentachloride of phosphorus is added carefully, con- 
siderable decomposition occurs, blackening, evolution of carbon dioxide 
and other gases being amongst the most noticeable results, whilst no 
pure substance could be obtained from the product of the action. With 
bromine, however, it forms a definite compound. When the compound 
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B is dissolved in glacial acetic acid, and bromine is added carefully, 
two molecular proportions of bromine have to be added before it re- 
mains in excess. The pure bromine compound melts at 168—170°. 

The mean of three bromine determinations gave 44°7 per cent. Br., 
and on combustion C = 34:5 per cent., H =3°3 per cent. 


C,,H,,NO,Br, requires C= 34:0; H=3'1; Br=45°3 per cent. 


The bromide is hydrolysed at once on treatment with soda ; the free 
acid crystallises in small needles, and when heated to 256—258’, melts 
and chars, giving off carbon dioxide, bromacetone, and hydrogen brom- 
ide. Although the compound A gives no hydrazone with phenyl- 
hydrazine, the compound B, when heated in a sealed tube with that re- 
agent, enters at once into combination with it. It was found, however, 
that, even after many crystallisations, the substance was not pure. 


Results of analysis: C=65:0; H=6:3; N=15-0 per cent. 
Calculated C,,H,,N,0,: C=67:4; H=66; N=147. __,, 


This compound, when heated, melted at 227-—228°, blackening con- 
siderably, and gave a strong smell of aniline compounds, so that, 
although it had not Been obtained in a pure condition, still there was 
no doubt that a hydrazone had been produced. 


When the compound B is treated even with dilute alkalis, it dissolves, 
and on warming at once hydrolyses. The free acid, which is obtained 
by adding hydrochloric acid to the solution of the sodium salt, crys- 
tallises from water, either in needles or flat, needle-shaped plates, con- 
taining no water of crystallisation. It melts at 190—191°, and on 
analysis gave results agreeing with the formula C,H,NO,. 

The sodium salt crystallises in large plates ; the bariwm salt seems to 
be less soluble in boiling than in cold water ; the lead salt separates 
in leaflets from strong solutions ; the silver salt is thrown down as a 
flocculent precipitate in neutral solutions, and is moderately soluble in 
hot water, from which it can be crystallised. It contains no water of 
crystallisation, and gave on analysis 56-0 per cent. Ag. Theory for 
C,H,NO,Ag,: Ag=56-0 per cent. 

Probably the hydrogen atom that is attached to the nitrogen atom, 
has been replaced by the silver as well as the hydrogen in the carboxyl 
group. The same result was obtained on analysing the silver salt of 
the isomeric acid (m. p. 300—304°) from the compound A. 54:1 and 
550 per cent. Ag. On heating this acid (m. p. 190—191°), it is 
noticed that copious effervescence of carbon dioxide occurs the moment 
it melts ; 10 grams lost 2°5 grams. 

According to the equation, O;H,NO, = C,H,NO+C0O,, it should lose 
26 per cent. 

The residue in the flask is almost pure pseudolutidostyril, identical in 
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every respect with that obtained by heating the acid (m. p. 300—304"), 
The simplest method of explanation is that the acid has the following 
formula : 


That it is a substituted acetic acid also receives additional support 
from its behaviour with ferric chloride. In neutral solutions, it gives 
at first a reddish coloration, but on boiling, the yellow ferric salt is at 
once precipitated. 


XXVII.—Oxidation of Phenylstyrenyloxytriazole. 
By Gerorce Youne, Ph.D., Firth College, Sheffield. 


Tue formation and properties of phenylstyrenyloxytriazole, 
C,H, N-N 
0,H,-CH:0H-:n> OOH, 

have been described wy Widman (Ber., 1896, 29, 1952) and by me 
(this vol., p. 200). Widman oxidised this oxytriazole by means of 
potassium permanganate in an alkaline solution and obtained phenyl- 
oxytriazole in place of the expected phenyloxytriazolecarboxylic acid, 
and therefore represented the action by the equation 


C H, ‘ ‘ 
0H, CHOON: OH + 0,=C,H,:C,N,H: OH + C,H, COOH + CO,. 


The experimental details contained in this paper, however, show that 
the above equation represents merely the final result, the first stage 
being the formation of the potassium salt of} phenyloxytriazolecar- 
boxylic acid. 


O,H,:N-N C,H, N-N 
C.H,: C.H, bs OC: OK + 2KH0+ 20, = oox.d: yO 0K 


+ C,H,* COOK + 2H,0. 


The metallic and ethereal salts of the new acid seem quite stable, 
but the free acid, immediately it is liberated, decomposes into carbon 
dioxide and phenyloxytriazole, 

C,H,°C,N,(OK)-COOK + 2HCl = 2KCl + CO, + 0,H,*0,N,H-OH. 
Etherification of the hydroxyl does not seem to increase the stability 
of the carboxylic group. 

These results are of interest when compared with the account given 
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by Bladin (Ber., 1890, 23, 1810, 3785), of the behaviour of phenyl- 
triazoledicarboxylic acid. This acid is only stable in combination ; on 
liberation of the free acid, it loses 1 molecule of carbon dioxide and 
phenyltriazolemonocarboxylic acid is formed ; a observations 


C, H,: 
show that this acid has the constitution He: rineees COOH,* the 


carboxylic group in position 5 having undergone decomposition, 


Method of Oxidation. 


Phenylstyrenyloxytriazole was dissolved in an excess of caustic 
potash, cooled, and a solution of potassium permanganate added slowly 
with shaking until no further change of colour could be observed ; after 
standing overnight, the excess of potassium permanganate was 
destroyed by alcohol. The filtered solution was treated with an excess 
of ammonium chloride, warmed, and a solution of calcium chloride 
added in excess ; the precipitate, on examination, proved to be calcium 
carbonate. The filtrate was concentrated over the water bath, cooled 
in a freezing mixture, and dilute hydrochloric acid added ; this threw 
down a white precipitate, from which, after a few moments, a slow and 
steady evolution of carbon dioxide took place. After removal of benzoic 
acid by acurrent of steam, there remained a small amount of a white, 
crystalline substance which melted at 272—-273°. Widman gives the 
melting point of phenyloxytriazole as 273—274° (Ber., 1896, 29, 1953). 

Various attempts to isolate phenyloxytriazolecarboxylic acid or one 
of its inorganic salts were unsuccessful. 


C,H; ‘N ‘N 
Ethylic Phenylethoxytriazolecarboxylate, 0,H,-0° ‘CO é: re OC,H,. 


A fresh quantity of phenylstyrenyloxytriazole was oxidised by alka- 
line potassium permanganate, and after removal of the excess of oxidis- 
ing agent, the filtered solution was treated with an excess of ammonium 
sulphate and gently warmed until almost neutral. The addition of 
silver nitrate to this then threw down a brownish precipitate, which was 
dried on a porous plate, and finally in an air bath at 50 — 60°. The 
mixture of dry silver salts thus obtained was treated with ethylic 
iodide, and the product extracted first with warm ether and then 
with boiling alcohol. The ethereal solution, on evaporation, left an 
oily residue, which smelt of ethylic benzoate when heated on the water 
bath, and,on being extracted with warm, light petroleum (b. p. 40—-50°), 
yielded small, white needles melting at 80—81°. The alcoholic 
solution also yielded small, white needles which melted at 81—82°. 
Both crops of crystals, when recrystallised from dilute alcohol, gave 


* Bladin exchanges positions 3 and 5. See Andreocci (Ber., 1892, 25, 225), and 
Bamberger and de Gruyter (Ber., 1893, 26, 2885), 
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long, white needles which melted constantly at 82—83°. The yield 
was 33 per cent. of the theoretical. On analysis, figures were obtained 
agreeing with those required by the formula 

C,H,-C,N,(OC,H,): COOC,H;,. 


0:1079 gave 0-2355 CO, and 0:0554 H,O. C=59°52; H=5-70. 
0:2101 ,, 29°3c.c. moist nitrogen at 14° and 751'3 mm. N=16-21. 
C,3H,,N,0, requires C=59°77 ; H=5°74; N=16-09 per cent. 


Ethylic phenylethoxytriazolecarboxylate is fairly soluble in warm 
ether and light petroleum, and easily in alcohol or benzene. It is 
easily hydrolysed by alcoholic potash. 

The amide, C,H,*C,N,(OC,H,)*CONH,.—When the ethylic salt 
was dissolved in absolute alcoholic ammonia, and the solution evapo- 
rated, clusters of white, well-defined needles were deposited, easily 
soluble in alcohol or ether, but only slightly so in warm, light petroleum. 
On the addition of light petroleum to the ethereal solution, small, 
white needles were deposited which melted at 149—150°. 


0°1397 gave 0°2904 CO, and 0:0663 H,O. C=56°69; H=5-27. 
C,,H,,.N,0, requires C=5689 ; H=5-17 per cent. 


The amide is easily hydrolysed by boiling alcoholic potash. The 
ammonia evolved was collected in standard acid and titrated. 


05264 gave 0°0364 NH,. NH, =6°50. 
C,,H,,N,0,° NH, requires NH, = 6°89 per cent. 


The alkaline alcoholic solutions of potassium phenylethoxytriazole- 
carboxylate, C,H,*C,N.*(OC,H,)-COOK, obtained by the hydrolysis 
of the ethylic salt and of the amide, were mixed together, the alcohol 
evaporated, and the solution neutralised by the addition of ammonium 
sulphate, and boiling. On adding silver nitrate, the silver salt .sepa- 
rated as a white, flocculent precipitate, which, after drying on a porous 
plate and in a vacuum over sulphuric acid, lost weight at 60° very 
nearly equivalent to 2H,O. 


0:5492 lost 0-0518. H,O=9°43. 
04974, dried at 60°, gave 0:2071 AgCl. Ag=31°34. 
C,,H,,N,0,Ag+2H,O requires 2H,O = 9°57 per cent., and 
C,,H,.N,0,Ag requires Ag = 31°76 per cent. 


. C,H,*N-N 
Phenylethoxytriazole, ~*~ C-OC,H,. 
nylethoxytriazole nox oH, 


Silver phenylethoxytriazolecarboxylate was dissolved in warm am- 
monia, a slight excess of sodium chloride added, the solution boiled 
until almost neutral, and then filtered ; the alkali salts of the carbo- 
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xylic acid seem to be quite stable in boiling water. The solution of 
the sodium salt, prepared in this way, was concentrated and cooled in 
a freezing mixture ; on adding hydrochloric acid, a slight evolution of 
gas took place, and at the same time an oily substance separated, 
which, after extraction with ether and recrystallisation from dilute 
alcohol, formed long, flat, white needles melting at 60°. On analysis, 
figures were obtained agreeing with those required by the formula 
C,H,*C,N,H:*OC,H;. 


0°1550 gave 0°3603 CO, and 0°0825 H,O. C=63:39; H=5:91. 
02011 ,, 388c.c. moist nitrogen at 15° and 7525 mm. N =22°37. 
C,)H,,N,0 requires C = 63°49 ; H=5:82; N =22°22 per cent. 


Phenylethoxytriazole is easily soluble in ether, alcohol, and benzene, 
but only slightly in light petroleum. It is not attacked by boiling 
alkalis or acids. 

In order to confirm the constitution assigned to the phenylethoxy- 
triazole obtained in the manner described, it was compared with a 
specimen prepared by the action of ethylic iodide on the silver derivative 
of 1-phenyl-3-oxytriazole. 

Widman describes (Ber., 1893, 26, 2613) the preparation of phenyl- 
oxytriazole by the action of formic acid on phenylsemicarbazide, and I 
have found this action to give very good yields, amounting to 75 per 
cent. of the weight of phenylsemicarbazide taken. The substance 
melted at 274—275°. The ethyl derivative, C,H,*C,N,H-OC,H,, 
formed long, flat, white needles which melted at 60°, and possessed 
solubilities identical with those of the phenylethoxytriazole prepared 
from phenylstyrenyloxytriazole. 


0°1491 gave 0°3464 CO, and 0:0805 H,O. C=63°35; H=5:99. 
C,,H,,N,O requires C= 63°49 ; H=5-82 per cent. 


XXVILIL—Formation of Dithionic Acid by the Oxidation 
of Sulphurous Acid with Potassium Permanganate. 


By Tuomas 8. Dymonp and Frank Hueues. 


Ir is usually stated that sulphurous acid is oxidised by potassium 
permanganate to sulphuric acid. Sulphuric acid is undoubtedly the 
principal product of the action, but if an acidified solution of sulphurous 
acid of known strength is titrated with a standardised solution of potas 
sium permanganate, the permanganate ceases to be decolorised when the 
quantity used is about nine-tenths of that necessary to completely 
oxidise the sulphurous acid to sulphuric acid. Lunge and Smith 
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(J. Soc. Chem. Ind., 1883, p. 460) ascribe this discrepancy to loss of 
sulphur dioxide by volatilisation. As the constancy of the results 
under different conditions of dilution gave us reason to believe that 
this was not the true explanation, we determined to carry out the ex- 
periment under conditions in which loss by volatilisation and also atmos- 
pheric oxidation were impossible. 

The apparatus employed was that suggested by one of us, in con- 
junction with Professor Dunstan, for the estimation of nitrites (Pharm. 
J., 1889, [III.], 19, 741). A round-bottomed flask is fitted with 
an india-rubber cork and wide glass tube, and to this is connected a 
burette, by a piece of pressure tubing, which can be closed by a screw 
clip. Water is boiled in the flask until the apparatus is free from air, 
and then the clip is screwed up and the flask cooled. A liquid can now 
be drawn into the partially vacuous flask from the burette, and titra- 
tions are carried out by filling the burette with the standardised solu- 
tion. Before using the apparatus for the purpose of these experiments, 
it was ascertained that the india-rubber connections had no appreciable 
action on the solutions used. 

The sodium sulphite employed in the experiments was crystallised 
from the commercial salt until free from sulphate and carbonate. When 
estimated by means of iodine, the purified salt gave results corres- 
ponding exactly with the formula Na.SO,+7H,0. 0°4 grams of the 
pure salt, dissolved in recently boiled water, was run into the flask 
from the burette, and dilute sulphuric acid, also recently boiled, was 
added. The burette was washed out with the standardised solution of 
permanganate and then filled with it. The permanganate solution 
was now run in little by little, the flask meantime being constantly 
shaken, to prevent the permanganate from remaining unattacked in 
the glass tube. The permanganate required in a series of eight con- 
cordant determinations was 18°74 c.c. (1 ¢.c. = 0°001206 gram available 
oxygen), equal to 0°0226 gram of oxygen absorbed. The oxygen 
required to oxidise 0°4 gram of Na,SO,+7H,0O to sulphate is 0°0254 
gram. 

_These experiments, made under conditions in which volatilisation or 
atmospheric oxidation of sulphurous acid was impossible, show that 
only 89 per cent. of the oxygen necessary to oxidise the sulphurous 
to sulphuric acid was absorbed, and this can only be explained by 
supposing that a part of the sulphurous acid was oxidised to an inter- 
mediate compound incapable of further oxidation by the permanganate 
solution. It occurred to us as most probable that the compound was 
dithionic acid, first prepared by Welter and Gay Lussac in 1819, by 
passing sulphur dioxide into water containing manganese dioxide in 
Suspension. That this was the substance was rendered more probable 
by the observation of Berthier in 1843 (Ann. Chim. Phys., [iii.], '7, 
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p. 77),* that when sulphur dioxide is passed into solutions of potassium 
chromate or dichromate, dithionic acid is formed in addition to sulphuric 
acid. 

In order to test this supposition, the experiment was repeated on a 
large scale. The gas spontaneously volatilising from liquid sulphur 
dioxide was passed into cold water, and potassium permanganate solu- 
tion was run in at the same time, care being taken to keep the sulphur- 
ous acid in excess until the end of the operation, when the exact addi- 
tional quantity of permanganate required was added. The sulphuric 
acid and manganese were precipitated by baryta, and the excess of baryta 
precipitated by subsequently passing carbon dioxide through the mix- 
ture ; the filtered liquid, when evaporated on the water bath, yielded 
crystals which had the properties of potassium dithionate. When heated 
alone or with hydrochloric acid, sulphur dioxide was evolved and sul- 
phate of potassium left, but no sulphur set free; moreover, when 
heated with nitric acid, sulphate of potassium was the only product, all 
these reactions being characteristic of a dithionate. 

Before obtaining the crystals pure enough for analysis, a tedious 
process of recrystallisation was necessary in order to get rid of the 
potassium carbonate left in the residue when this process of isolation 
isemployed. This, however, provided an opportunity of searching for 
products of the oxidation of sulphurous acid other thai dithionic and 
sulphuric acids, but no fractions were obtained which gave evidence 
of the existence of a third substance, and it was concluded that dithionic 
and sulphuric acids were the only products. The potassium dithionate 
finally obtained had a neutral reaction, was free from carbonate and 
sulphate, and gave the same figures on analysis when recrystallised. 

For identification, several methods of analysis were employed. (A.) 
The aqueous solution of the salt was heated with hydrochloric acid 
in the air-free flask (closed), until decomposed into sulphurous and 
sulphuric acid, and the sulphurous acid estimated by solution of 
iodine run in from the burette. (B.) The aqueous solution of the 
salt was boiled with hydrochloric acid in the air-free flask (open), 
until free from sulphurous acid, and the remaining sulphuric acid esti- 
mated as barium sulphate. (C.) The solution of the salt was boiled 
with hydrochloric acid, the sulphuric acid produced precipitated with 
baryta water, the excess of baryta removed by carbon dioxide, and the 
potassium estimated in the solution as platinochloride. The results of 
the analyses were as follows. 


* We are indebted to Mr. W. J. Sell for this reference. The fact is mentioned in 
both Gmelin’s Handbook and Watt’s Dictionary (original edition), but the reference 
given in both is wrong. 
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Found. Calculated for K,S,0,. 
A. Sulphur, liberated by hydro- 


lysis as SO, 13:47 per cent. 13°44 per cent. 
B. Sulphur, liberated by hydro- 

lysis as SO, 3° 13°44 v6 
Cl, FR: — passive cinescckcce OP - 32°77 


9 


These results fully identify the substance as potassium dithionate 
not only by the percentage of potassium and total sulphur, but also 
by the characteristic hydrolysis of dithionic acid into equivalent pro- 
portions of sulphurous and sulphuric acids. 

Having demonstrated that dithionic acid, as well as sulphuric acid, 
is a product of the oxidation of sulphurous acid by permanganate of 
potassium, we next endeavoured to obtain a further knowledge of the 
reaction by determining the influence of dilution, temperature, and 
acidity on the relative proportions of the products. For these experi- 
ments, the apparatus previously described and a solution of permanga- 
nate of the same strength were employed. 


I.—Influence of Dilution (Temperature and Acidity Constant). 


Na,SO,+7H,0 taken Water. Permanganate required. 
gram. 21 c.c. 18°9 c.c. 
oh 18°7_,, 

161 ,, 18:7 


” 


II.—JInfluence of Temperatwre (Dilution and Acidity Constant). 


Na,SO;+7H,0. Temperature. Permanganate required, 
1. 0-4 gram. 80° 18°8 c.c. 
2. O04 - — 2° 188 


99 


III.—Jnfluence of Acidity (Dilution and Temperature Constant). 


Na,SO,+7H,0. Dilute H,SO;, 5% Permanganate required. 
1, 04 gram. 5 c.c. 18°8 c.c. 
2 04 a 60 ,, 18°6 ,, 
3. 0-4 - 150 ,, 18°6 ,, 


These experiments show that a variation in the amount of water or of 
acid, or in the temperature, does not produce any appreciable variation in 
the proportion of sulphurous and sulphuric acids. This remarkable result 
indicates that the dithionic acid is not a chance product, but that its for- 
mation is an essential part of the reaction. Dithionic acid is interme- 
diate between sulphurous and sulphuric acids, its hypothetical anhy- 
dride being 8,0,, and it might be supposed to be formed as a first stage 
in the oxidation of sulphurous to sulphuric acid. That this is not the 
case is, we think, made clear by the foregoing experiments, for varia- 
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tion in the conditions of temperature and dilution would certainly 
affect the quantity of dithionic acid left unoxidised. 

It seems much more probable that the formation of dithionic as well 
as of sulphuric acid is due to the different oxidising effects of the oxides 
of manganese during the various stages of reduction. It is to be sup- 
posed that, in reducing the Mn,O, of the permangate to MnO,, the 
sulphurous acid is oxidised to sulphuric acid completely, for when a solu- 
tion of sulphurous acid is poured into excess of permanganate solution, 
sulphuric acid is the only product. If manganese dioxide, even in 
a very fine state of division and diffused in water, is added to excess 
of sulphurous acid solution, both dithionic and sulphuric acids are pro- 
duced, but the proportion of the former appears to be larger than when 
potassium permanganate is used. It appears, therefore, that the 
formation of dithionic acid is due to a stage in the reduction of MnO, 
to MnO. 

The relative proportion of the two acids produced almost exactly 
corresponds with the equation 

17H,SO, + 6K MnO, = 2K.8,0, + K,80, + 6MnSO, + 6H,SO, + 11H,0. 

According to this equation, 88-2 per cent. of the oxygen required to 
oxidise sulphurous to sulphuric acid is used ; in our experiments, 88°9 
per cent. of that required was used. As the proportion of dithionate 
represented by the above equation is that which would be produced 
were it formed during a stage of the reduction of the permanganate 
corresponding with the conversion of Mn,O, into 3Mn0O, it might be 
expected that the oxide Mn,O, would itself oxidise sulphurous to di- 
thionic acid. If, however, this oxide, prepared by heating the dioxide 
to fusion, be finely powdered and diffused in water, and the mixture 
added to the solution of ‘sulphurous acid, sulphuric acid is the only 
product of oxidation. This fact, however, does not preclude the pos- 
sibility of there being a corresponding stage in the reduction of the 
dissolved manganese compounds in which dithionic acid is produced. 
At any rate, its formation must be due to the weak oxidising action 
of the permanganate in one of the later stages of its reduction. 


CounTy TECHNICAL LABORATORIES, 
CHELMSFORD. 


XXIX.—Apparatus for “Steam Distillation.” 


By Francis EpwarD MaATTHEWs. 


For some time past, the author has taken advantage of the fact that 
during the process of steam distillation various solid substances of fairly 
high melting point are deposited in, and adhere to, the interior of the 
condenser, so that by substituting a reflux condenser for one in the 
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ordinary position, the process becomes a continuous one, it being merely 
necessary from time to time to remove the substance deposited in the 
condenser. By using condensers of sufficient interior diameter, the 
removal of this deposit need not be often repeated, and consequently 
the separation or purification of the substance can be left almost to 
itself until complete. 

The advantages of an automatic method of steam distillation were so 
obvious, that attempts were made to construct an apparatus which could, 
in like manner, be used for the separation of liquid substances. In the 
case of liquids heavier than water, trial was first made of a reflux 
condenser having near its lower extremity a T-piece connected with a 
flask, so that the condensed mixture of water and the liquid should 


Fie, 1. 


flow down the T-piece into the flask, when the heavy liquid would 
sink to the bottom and the water flow back from the surface into 
the boiling-flask. It was found that this arrangement did not work at 
all, from the fact that the liquid was in the form of small drops, which 
remained floating on the surface of the water, and consequently returned 
to the boiling-flask along with it. 

It was obvious that, in order to succeed, a quantity of the heavy 
liquid sufficient to produce a large drop must be collected, and then 
the drop, when it becomes of a certain size, will necessarily sink. This 
object was attained in the following way. The vessel in which the 
mixture was boiled was an ordinary flask, in size sufficient to readily 
contain the liquid to be steam distilled along with two or three times 
its volume of distilled water, this boiling-flask (Fig. 1) being connected 

Z2 
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by a cork to a receiver, which consisted of an ordinary distillation-flask 
having a wide side-tube. This side-tube was bent downwards, 3 or 
4 inches from the end, at an angle of about 120°, so that when the 
receiver was upright, the upper part of the side-tube was inclined 
downwards, the lower part being nearly vertical. About 1 inch from 
the end of the side-tube a hole was made large enough to carry off the 
steam from the boiling-flask. It was found that this hole allowed the 
diameter of the side-tube to be considerably reduced, for in a tube in 
which vapour is passing in one direction and water in the other, the 
chief point at which a block is usually produced is at the lower end of 
the tube where the water begins to form drops; by allowing the vapour 
to enter the tube at the side, higher up, this tendency to choking at 
the end is obviated to a very great extent, and. consequently a much 
narrower tube can be used. 

The reflux condenser connected with the receiver was of the following 
construction, Its inner tube was sufficiently narrow to pass readily 
into the neck of the receiver, and the portion below the water-jacket 
had to be of sufficient length (about 9 inches) to admit of a bend being 
made in it at an angle of about 120°, the portion below the bend 
penetrating the receiver to a depth of about 2 inches below its side- 
tube. In this part of the tube, about 3 inches from its end on the side 
away from the bend and just below the cork, a hole was made to admit 
the mixed vapours to the condenser. 

The apparatus works as follows, The liquid to be distilled is placed 
in the boiling-flask together with two or three times its volume of 
water, the flask is connected to the side-tube of the receiver, which is 
filled with distilled water up to the junction of the side-tube, and the 
condenser is inserted into ‘the receiver to a depth of about 2 inches 
below the water-level. On raising the contents of the first flask to the 
boiling point, a stream of the mixed vapours passes through the side- 
tube and into the upper part of the neck of the receiver, whence it is 
forced through the hole into the condenser ; here it is condensed, and 
the liquid runs down the side of the condenser away from the hole until 
a drop of the heavy liquid sufficiently large to sink is formed in the 
lower end of the condenser; as the liquid condenses, it displaces an 
equal volume of water from the receiver, which flows down the side- 
tube back into the boiling-flask. As the receiver, if protected from 
direct radiation, remains fairly cool during the whole operation, the 
volume of liquid in the boiling-flask remains almost constant until the 
distillation is finished. 

For automatically steam-distilling liquids lighter than water, it is 
obvious that the water must be transferred from the bottom of the 
receiver back again to the boiling-flask. This object was attained 
satisfactorily by one or other of the following arrangements, which, 
although identical in principle, differ in various details. 
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1. The boiling-flask (Fig. 2) is an ordinary distilling-flask of suitable 
size, having the side-tube bent vertically downwards 2 or 3 inches 
from the end when the flask is upright. The receiver is a Woulfe’s 
bottle, with either two or three necks. Into the neck nearest to the 
boiling-flask, a straight, upright tube is fixed by means of a well-fitting 
cork, of such a length that, one end 
being at the bottom of the Woulfe’s 
bottle, its other just touches the lower A) 
end of the bent side-tube of the boil- 
ing-flask, to which it is connected 
by an india-rubber joint. The second 
neck of the Woulfe’s bottle is fitted 
with a vertical T-tube, which fulfils 
the following conditions, It must 
dip 2 or 3 inches into the Woulfe’s 
bottle, and the T-joint must be suf- 
ficiently high up to allow of the for- 
mation of a column of (light) liquid 
sufficient to overcome the pressure 
of a column of water the height of 
which is the difference in level be- 
tween the surface of the water in the 
receiver and the point where the side- 
tube meets the neck of the boiling- 
flask. Into the upright T-tube a 
condenser, of any suitable form, is 
fixed (a narrow vertical condenser 
with a hole made in it, as previously 
described, has been found to work 
well). The boiling-flask is connected 
with the side-tube of the vertical 
T-tube by means of a tube bent at 
right angles, a cork, and an india- 
rubber connector. It is essential 
that all the corks in the Woulfe’s 
bottle should fit tightly. 

To use the apparatus, distilled 
water is poured into the’ receiver till 
the bottom of the T-tube is just 
covered ; the mixture to be distilled is placed in the boiling-flask and 
heated ; the mixed vapours pass into the T-tube, and thence into the 
condenser ; the condensed liquid soon forms a column in the upright 
T-tube, which gradually forces the water up the other upright tube 
back into the boiling-flask. 


Fic. 2, 
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The receiver should be screened from direct radiation as much as 
possible, although the expulsion of a small amount of air from the 
upper part of the Woulfe’s bottle is unimportant. The chief objection 
to this form of apparatus is the india-rubber connection between the 
boiling-flask and the T-tube, as this is liable to attack by the vapours 
of some liquids, whilst if no joint is made, the strain produced in 
fitting the apparatus together is dangerous. The second india-rubber 


Fic, 3. } 
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joint does not matter, as only cool water passes through it. Apart 
from this, the apparatus works perfectly ; and it has the advantage that 
it can be constructed in a very short time from apparatus found in any 
ordinary laboratory. 

II. In the apparatus Fig. 3, the Woulfe’s bottle is replaced by a 
separating-funnel with two necks ; this has the advantage that the dis- 
tillate can be drawn off by the tap at the bottom without dismantling 
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the apparatus, whilst the boiling-flask is an ordinary flask, instead of 
the distilling-flask used in I. The connection between the boiling-flask 
and the receiver and condenser is made by means of a piece of appara- 
tus with two T-tubes, as is shown in Fig. 4. The boiling-flask is con- 
nected at A by means of a cork, B corresponds to the side-tube of the 
distilling-flask in the previous arrangement, and is connected, best by a 
double india-rubber joint, to the tube passing to the bottom of the re- 
ceiver ; the condenser is connected at CO, and the end, D, passes 2 or 
3 inches into the receiver. By this means, the exposure of india- 
rubber to hot vapour is avoided. The apparatus works just in the same 
manner as the previous one, and a detailed description is unnecessary. 

Liquids heavier than water may also be distilled in this form of 
apparatus, the tube through which the water returns being shortened, 
so as to allow of the water being drawn off near the surface. 

From the relatively small amount of liquid necessary for these pro- 
cesses, “ steam distillations” can readily be carried on in the vapour of 
higher boiling liquids, and I am in hope that some new separations 
may be made by these means. I have found that, in many cases, the 
rapidity of the distillation can be greatly increased by dissolving some 
substance, such as sulphuric acid or calcium chloride, in the water of the 
boiling-flask. Many organic liquids bump very badly when boiled with 
water, and to obviate this, a couple, made by soldering a piece of zinc 
foil to a piece of platinum foil, may be used with advantage, wherever 
possible ; thus aniline, which bumps furiously when boiled with water, 
can be readily distilled without any bumping when the couple is added. 
In conclusion, I wish to express my thanks to Professor McLeod for 
the kindly interest he has taken in this work, and for some important 
suggestions he has made. 


Roya. INDIAN ENGINEERING COLLEGE, 
Cooper’s HILL, STAINES. 


XXX.—Contributions to the Knowledge of the B-Ketonic 
Acids. Part III. 


By Sieerriep Runemann, Ph.D., M.A. 


THE compounds formed by the action of ethylic chlorofumarate and 
ethylic a-chlorocrotonate on ethereal salts of B-ketonicacidshave hitherto 
beenregardedas hydrogenised furfuran derivatives(Trans., 1896,69,530, 
1383), and this view seemed to agree well with their behaviour. Further 
study, however, has led to results which modify this view and tend to 
show that these substances must be regarded as ketonic compounds. It 
was stated (Joc. cit.) that the ethereal salt formed from the sodium deriva- 
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tive of ethylic acetoacetate and ethylic chlorofumarate was to be repre- 
sented by the formula I, and that this expression agreed with the result 
CH,-C—C-COOC,H, CH,: CO-CH: COOoc,H, 
I. | ©H-COOC,H, II. C-0000,H, 
O—CH:COOC,H, CH: COOC,H, 
of the refractometric behaviour of the compound. An error, however, 
was made in the calculation of the molecular refraction ; the number 
71:94, there given, corresponds with that required for ethylic acetoaconi- 
tate, JI, which agrees with the refractrometric constant found (Joc. cit., 
p. 532) 72:23, whilst formula I requires the value 70°19. 

It was shown that, in using ethylic chloromaleate, the same compound 
was formed as in the interaction of the sodium derivative of ethylic 
acetoacetate with ethylic chlorofumarate. This fact, which was brought 
forward as a further argument in favour of the view there expressed, 
must be explained by assuming a molecular transformation. On the 
other hand, formula II admits of. as ready an explanation of its trans- 
formations as does formula I, and is, moreover, in full agreement with 
the behaviour of ethylic chlorofumarate and ethylic a-chlorocrotonate 
towards the sodium derivatives of other B-ketonic acids. 

Corresponding formule have to be attributed to the ethereal salts 
formed from ethylic benzoylacetate and ethylic chlorofumarate, and 
also to thai obtained by the action of ethylic acetoacetate on ethylic 
a-chlorocrotonate, namely, 

C,H,° CO-CH- COOC,H, C,H,*C(OH): ¢-COOC,H; 
C-COOC,H,; or C ‘COOC,H, 
CH: COOC,H, CH: COOC,H, 
Ethylic benzoylaconitate. 
CH,: CO-CH- COOC,H, 
C-COOU,H, 
CH:CH, 
Ethylic aceto-8-butylenedicarboxylate. 

The formation of acetonylmalic acid * and of acetophenylmalic acid 

* Dr. A. Hutchinson has been kind enough to make the following crystallographic 
measurements of acetonylmalic acid. 

Crystalline system :—Monoclinic (Holohedral), 
a@:b:c=0°719:1:0°478. 
B=53° 8’, 
Forms observed :—c{001}, p{110}, o{111}. 
The following measurements were made. 


Angle. _ Mean value. Calculated. 
’ =110:110 120° 10’ 

= 110:001 58 40 

= 111:001 47 30 
"ze Db ELI 50 50 
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from ethylic acetoaconitate and from ethylic benzoylaconitate respec- 
tively is brought about by the elimination of carbon dioxide, accom- 
panied by the addition of 1 molecule of water, and their formule do 
not, therefore, differ from those given before; they are expressed by 
the symbol 
R:CO-CH, C(OH)(COOH):CH,*COOH or 
R-CO-CH, CH(COOH):CH(OH)-COOH (R denoting CH, or C,H,). 

The constitution of the compounds formed from ethylic acetoaconi- 
tate, and from ethylic benzoylaconitate, under the influence of ammonia, 
needs no modification, notwithstanding this change of view. But the 
product resulting from the action of ammonia on ethylic aceto-f-buty- 
lenedicarboxylate (/oc. cit., p. 1393) has to be regarded as a monamide 
of the formula 

CH, CO-CH-CONH, CH, CO-CH:-COOU,H; 
C-COOC,H; or 
C-CH, 

Ethylic chlorofumarate, as shown before (/oc. cit., p. 1386), reacts 
with the sodium derivative of ethylic acetomethylacetate with elimina- 
tion of ethylic acetate and formation of a compound which, in the light 
of the former view, was regarded as ethylic furfurandicarboxylate, 

CH,’ C—0-CO0c,H; 
—C-COOC,H, 

This constitution, however, does not agree with the result of further 
study, which led to the conclusion that the reaction takes place as indi- 
cated by the following equation : 

COOC,H, 


CH,-CO-ON <on, AS oc OH OD00.H, ~ 


NaCl + CH, CO-O(CH, -COOC,H, = NaCl + CH,-COOC,H, + 
C- COOC,H, 
CH-C000,H 


OOC,H. 
C:CH: COOC, oH, 


The crystals were obtained from aqueous solution, and a large number from three 
different preparations examined. 

All the crystals are of well-marked rhombohedral habit. This is due to the equal 
development of the faces c and p, and to the near equality of the angles 001 :110 
=58° 40’ and 110:110=59° 50’, which give to the crystals the appearance of 
obtuse rhombohedra. The form o is quite subordinate, and only found ona few 
individuals. None of the crystals lent themselves to accurate determination, for 
whilst the faces of c and o are fairly bright and smooth, those of the prism p are 
invariably much rounded, even on the smallest crystals. The angles and axial 
tatios given above are therefore to be regarded as rough approximations only, since 
the angle ep was the only one which could be satisfactorily measured. No definite 
Caeavage was observed. The extinction on py makes an angle of 26° with the edge pe. 


CH, CO: o< 
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The compound appears, therefore, to be ethylic acetoallylenedicar- 
boxylate. This formula is supported by the action of aniline on the 
ethereal salt. Aniline dissolves it, and the solution, after being boiled 
for half an hour, and then acidified with hydrochloric acid, gives a dark 
red precipitate, which becomes yellow when washed with ether. It dis- 
solves in hot dilute spirit, and, on cooling, crystallises in glittering, 
yellow plates, melting at 180°. 

The analytical numbers agree with the formula C,,H,,NO,. 

0:1882 gave 0°4650 CO, and 0°:1082 H,O. C=67:38; H=6-42. 

03124 ,, 12 c.c. moist nitrogen at 26° and 755 mm. N=4-23. 

02980 ,, 115, , » » @&, 73, . Nw44d 

C,,H,,NO, requires C= 67°77; H=6°31; N =4°65 per cent. 

The substance is readily soluble in alcohol, insoluble in water, and is 
decomposed by boiling hydrochloric acid with formation of aniline ; it 
therefore resembles anilpyroracemic acid in its properties. The forma- 
of such a compound from the ethereal salt, C,,H,,0;, excludes the 
formula brought forward before, and points to the view that it is to be 
regarded as ethylic acetoallylenedicarboxylate. The constitution of the 
substance formed from it under the influence of aniline is, therefore, 


C00C,H, 
CH, O(N: C;Hs)"C<6-¢970600,H," 


The view with regard to the constitution of the acid, C;H,O,, result- 
ing from the hydrolysis of the ethereal salt of the formula C,,H,,0,, 
requires also to be modified. For this acid, there are various formule 
possible; the expression CH,*CO-CH:C:CH:COOH, which at first 
would seem probable, does not explain the behaviour of the compound 
described before (/oc. cit., p. 1394). The properties of the acid are so 
similar to those of coumalic acid, that one might assign to it an 


analogous constitution—such as CH,° o<CH COR) CH, and regard 


it as methylhydroxycoumalin. 

This substance is readily etherified by saturating its solution in 
methylic alcohol with hydrogen chloride. The liquid is allowed to 
stand overnight, then poured into ice-cold water, extracted with ether, 
and the unchanged organic acid removed by dilute sodium carbonate. 
On evaporating the ether, an oil remains, which solidifies after some 
time, It crystallises from ether in colourless plates, melting at 
139—140°, and is hydrolysed on boiling with water. 

Analysis of the compound, dried in a vacuum over sulphuric acid, 
gave numbers agreeing with the formula C,H,;(CH,)0,. 

0°2135 gave 0°4694 CO, and 0°1065 H,O. C=59°96; H=5°54. 

02070 ,, 04525 , , 01040 ,,. C=59°62; H=5°58. 

C,H,O, requires C= 60-0 ; H =5-71 per cent. 
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Assuming that the constitution of the compound C,H,O, is to be 
expressed by the above formula, it would follow that the etherification 
is not brought about by an opening of the coumalin ring, unless, at 
the same time, a transformation takes place which leads to the forma- 
tion of methylic acetoallylenecarboxylate, CH,» CO-CH:C:CH: COOCH,. 

Experiments with the view of solving this question are in progress. 


Action of Ethylic a-Chlorocrotonate on Ethylic Benzoylacetate. 


This is quite analogous to the behaviour of the former ethereal salt 
towards ethylic acetoacetate. The reaction is carried out in the usual 
manner, by mixing ethylic benzoylacetate with the calculated quantity 
of sodium dissolved in absolute alcohol, and gradually adding the equiva- 
lent amount of ethylic a-chlorocrotonate. The mixture is boiled on the 
water bath in a flask until it is no longer alkaline, using a reflux con- 
denser ; the alcohol is then evaporated, the residue poured into water, 
and the ethereal salt extracted with ether. The oil remaining after 
removal of the ether boils at 195—-200° under a pressure of 10 mm., and 
has the density d 15°/15°=1-1361. It is of a pale yellow colour, and its 
alcoholic solution turns faintly red on the addition of ferric chloride. 

On analysis, the following numbers were obtained. 


0:2000 gave 0:4960 CO, and 0°1218 H,O. C=67:27; H =6°67. 
C,,H,,0, requires C= 67:10; H=6:57 per cent. 


According to the former view concerning the action of the ethereal 
salts of chlorofumaric and a-chlorocrotonic acids on those of B-ketonic 
acids, this substance is to be regarded as ethylic benzoyl-8-butylene- 
dicarboxylate. Its constitution, in the light of Claisen’s researches on 
ketone-compounds, is to be represented by the formula 


C.H,* C(OH):C-COOC,H; 
CH,*CH:C:COOC,H, 
This expression is confirmed by the determination of the refractive 
index, which was found to be np =1°524 at 15°; the molecular refrac- 


tion amounts, therefore, to 81°80, whilst the value calculated for the 
above formula is 81°53. 


Ethylic Malonyl-B-butylenetricarboxylate. 


This compound is formed by adding 20 grams of ethylic acetone- 
dicarboxylate, and then 15 grams of ethylic a-chlorocrotonate, to a solu- 
tion of 2°3 grams of sodium dissolved in 50 c.c. of absolute alcohol, 
and by boiling the mixture on the water bath until it is no longer 
alkaline to litmus paper. The product of the reaction, isolated in the 
usual way, boils at 196—197° under a pressure of 10 mm.; it is a 


328 RUHEMANN: §-KETONIC ACIDS. 


colourless oil, having the density d 15°/15° =1-1445, and its alcoholic 
solution is only faintly coloured by ferric chloride. 

Analysis gave values corresponding with the formula for ethylic 
malonyl-8-butylenetricarboxylate. 


C000,H,: CH, CO-CH-COOC,H, 
CH, CH: COOC,H, 


0:2471 gave 05190 CO, and 0°1566 H,O. C=57:28; H=7:04. 
C,,H,,0, requires C=57°32; H=7-00 per cent. 


The constitution of this compound, indicated above, is confirmed by 

its refractometric behaviour. The refractive index was found to be 

Np = 1°472 at 15°; the expression “wi amounts, therefore, to 76°76, 
(n? + 2)d 

whilst the formula C,,H,,O0,:(O,)” requires 76°54. 

Action of Ammonia.—lf the ethereal salt is allowed to remain in con- 
tact with a concentrated aqueous solution of ammonia for several days, 
it disappears, and from the yellow solution, which, on exposure to the 
air, turns bluish-green, a crystalline solid separates ; this dissolves in 
boiling water, and, on cooling, comes down in colourless, striated, octa- 
gonal plates, which melt at 199—200°, having begun to soften a few 
degrees before. 


0:2149 gave 0:4095 CO, and 0:1196 H,O. C=51:54; H=6;18. 
00986 ,, 92 c.c. moist nitrogen at 19° and 765 mm. ; N=10°80. 
C,,H,,N,O; requires C=51:56 ; H=6-25; N=10-93 per cent. 


The compound is therefore to be represented by one of the following 
formule. 


(0000,H,: CH, CO-CH: CONH, 


CONH,; CH, CO-CH-CONH, 

CH,CH:C-CONH, ; CH, CH :C-COOC,H, 

CONH,;CH,:CO-CH-CO0C,H, 
GH,-CH:C-CONH, 


I II 


II. 


The aqueous mother liquor of the compound melting at 199—200° con- 
tains, besides this substance, another crystallising in needles, the isolation 
of which could not be effected. This mixture has not a constant melting 
point, beginning to soften at 165°. Its analysis leads to the same con- 
position, C,,H,,N.,O,, as was established for the substance crystallising 
in plates. 

0°2020 gave 0°3790 CO, and 0:1160 H,O. C=51:17; H=6:38 

02047 ,, 20c.c. moist nitrogen at 18° and 758 mm.; N=11°10. 


The action of ammonia on the ethereal salt also gives rise to a third 
substance ; this occurs in the ammoniacal filtrate from the solid con- 
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sisting of the two above-mentioned amides, and is precipitated either 
on acidifying the solution with hydrochloric acid, or on evaporating it. 
This compound is the diamido-acid, corresponding with one of the three 
isomeric ethereal salts symbolised above. The acid being insoluble in 
water and in alcohol, and only slightly soluble in glacial acetic acid, is 
purified by decolorising its solution in ammonia with animal charcoal, 
and precipitating the filtrate with hydrochloric acid ; it is a grey, erys- 
talline powder which does not melt, but decomposes at about 270°. 
The analytical data agree with the formula C,H,,N,0,. 


0:2038 gave 0°3526 CO, and 00954 H,O. C=47:19; H=5-20. 
02110 ,, 22 c.c. moist nitrogen at 18° and 774 mm. ; N=12°26. 
C,H,.N,0, requires C = 47°37 ; H=5:26 ; N = 12-28 per cent. 


It may be mentioned that the research recorded in this paper is being 
extended to the study of the action of ethylic chlorofumarate and ethylic 
a-chlorocrotonate on the ethereal salts of other -ketonic acids. 

In conclusion, I must express my thanks to Dr. C. Wolf for the help 
he has given me in the analytical part of this work. 


GONVILLE AND Calus COLLEGE, 
CAMBRIDGE. 


XXXI.—Contributions to the Knowledge of the B-ketonic 
Acids. Part IV. 


By Srecrriep RunEMANN, Ph.D., M.A., and A. 8. Hemmy, B.A., M.Sc., 
Hutchinson Student of St. John’s College. 


Tue starting point of the experiments recorded in this paper has been 
the study of the interaction of ethylic chlorofumarate and ethylic 
chlorocrotonate with ethereal salts of B-ketonic acids. The products 
formed, as shown in the previous paper, are regarded as ketonic com- 
pounds, in spite of the fact that their alcoholic solutions are not 
coloured by ferric chloride, or only faintly so. Ethylic acetosuccinate, 
also, according to Conrad’s statement (Ann., 1877, 188, 218) does not 
give a colour-reaction with the ferric salt. In the hope of arriving at 
an explanation of the difference in the behaviour of the ethereal salts 
which have to be regarded as ketonic compounds, we have subjected 
ethylic acetosuccinate to a more careful investigation. 

The ethereal salt was prepared at first by adding to a solution of 
sodium in alcohol the calculated quantities of ethylic acetoacetate 
and chloracetate, and boiling the mixture for about 2 hours. The 
ethereal salt, which was separated in the usual manner, boiled at 
134—135°5° under a pressure of 8 mm., but we found that the 
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yield was unsatisfactory, and it was necessary to fractionate it re- 
peatedly in order to get a product of fairly constant boiling point. 
This induced us to use Conrad’s method, namely, adding the calculated 
quantity of sodium to a benzene solution of ethylic acetoacetate, and, 
after the metal had disappeared, boiling the product with the required 
amount of ethylic chloracetate. The greater portion of the ethereal 
salt formed in the reaction boiled at 135-5—136° under a pressure 
of 8 mm. 

The third method which we employed appears to us the most satis- 
iactory. The calculated quantity of sodium (11°5 grams), dissolved in 
alcohol, was mixed with ethylic acetoacetate (65 grams), the solution 
evaporated to dryness in a vacuum, and the solid residue boiled for 2 
hours on a water bath with dry benzene after adding the ethylic 
chloracetate (62 grams). The benzene was then distilled off, the residue 
poured into water, and the ethereal salt extracted with ether ; the 
oil remaining after evaporation of the ether was distilled under 
diminished pressure, and in this way 62 grams of pure ethylic aceto- 
succinate boiling at 133—134° (at 8 mm.) was obtained. The com- 
pound, by whatever method obtained, gives a most marked red-violet 
coloration on adding ferric chloride to its alcoholic solution. 
pote. © calculated from the density, 
n?+2 ad 
which was found to be d 16°/16°=1:087, and the refractive index: 
2p = 1'438, amounts to 52°17 whilst the formula 


CO00C,H, 


J 


CH,-COOC,H, 


The molecular refraction 


CH, C0-CH< 
requires 52°05. 
This constitution is in full agreement with the results of the in- 
vestigations undertaken by various workers, and is also supported by 
the following experiments. 


Action of Ammonia on Ethylie Acetosuccinate. 


Emery (Annalen, 1890, 260, 137) has already subjected this 
ethereal salt to the action of ammonia and primary amines; using an 
absolute alcohol solution of ammonia, he obtained a compound which 
he characterised as a lactam of the formula 

CH,°¢ — C-COOC,H, 
NH CH, 


vA 
GO 


If, however, ethylic acetosuccinate is allowed to remain in contact 
with a strong aqueous solution of ammonia for 24 hours at the 
ordinary temperature, it disappears, the liquid turns green, then 


-~ a own Gaome af 6[lUlerlUallCOeS 


sy" V9? 8@ OHS FB F 


KNOWLEDGE OF THE §-KETONIC ACIDS. 331 


brown, and a white solid separates; this dissolves readily in boil- 
ing water, and, on cooling, crystallises out in colourless needles, which 
do not melt, but begin to decompose at about 250°. The following 
analytical data correspond with the formula 


CH, C = ¢-CONH, 
NH CH, 
\Z 
GO 


0:2096 gave 0°3928 CO, and 0:1090 H,O. C=51:11; H=5-77. 
0:2590 ,, 45°5 c.c. moist nitrogen at 20° and 753 mm.; N=19-°93. 
C,H,N,0, requires C=51°42 ; H=5-71; N=20 per cent. 


The compound is, therefore, to be regarded as the lactam of amido- 
ethylidenesuccinamide. Potash readily dissolves it, and, on boiling the 
solution, ammonia is evolved, but this ceases after about an hour’s 
heating. The liquid, when acidified with hydrochloric acid, repeatedly 
extracted with ether, and the ether evaporated, yields colourless plates 
which, after recrystallisation from water, melt at 186° and show all the 
properties of succinic acid. ‘The analysis of its silver salt gave, more- 
over, 65°22 per cent. Ag, as compared with the theoretical value, 65:06. 
From this it follows that the ring is unstable, and under the influence 
of potash the compound suffers a decomposition with formation of 
succinic acid. 

On boiling ethylic acetosuccinate with aniline, a decomposition takes 
place similar to that which occurs in the case of ethylic acetoacetate 
(Oppenheim and Prechl, Ber., 1876, 9, 1098) giving rise to the forma- 
tion of diphenylcarbamide. This was identified by the melting point 
(238°), and by a nitrogen determination which gave 13°31 instead of 
13-20 per cent. nitrogen as required by theory. 


Action of Phenylhydrazine on Ethylic Acetosuccinate. 


Hydrazine hydrate, as found by Curtius (J. pr. Chem., 1894, 5O, 
518), acts on the ethereal salt, forming ethylic methylpyrazolone- 
acetate. Phenylhydrazine behaves in like manner, yielding first the 
phenylhydrazone which, on raising the temperature, loses alcohol and 
becomes a derivative of pyrazolone. 

A mixture of equivalent quantities of the ethereal salt and phenyl- 
hydrazine gradually solidifies toa hard mass. This is powdered, washed 
with dilute spirit, dissolved in warm alcohol, and water added until the 
solution becomes turbid, when colourless needles separate ; these melt 
at 84—85°, and are sparingly soluble in ether but readily in alcohol. 

The analytical data correspond with the formula 
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CH,: C ———— (HCH, COOC,H, 
N:NH:C,H,*COOC,H, 
for the phenylhydrazone of ethylic acetosuccinate. 
0°2035 gave 0°4650 CO, and 0°1320 H,O. C=62°76; H=7-21. 
0:2284 ,, 17 c¢.c. moist nitrogen at 7° and 765 mm. ; N = 9°29. 
C,,H..N.,0, requires C= 62°74; H=7°19 ; N=9-15 per cent. 


6 

On heating the phenylhydrazone gradually to 170° in an oil bath, 
alcohol distils over, and a brown oil is left which solidifies on cooling, 
The product separates from its solution in dilute alcohol in colourless, 
glistening plates, which melt at 139—140°, and are readily soluble in 
alkali. 

On analysis, numbers were obtained which agree with the formula 

CH," C — CH:CH,: COOC,H,; 
N CO 


\4 
N'C,H,; 
for ethylic 1-pheny]l-3-methyl-5-pyrazolone-4-acetate. 


0°2087 gave 0°4935 CO, and 0°1170 H,0. ~ C=64:49; H=6-22. 
0:2255 ,, 20°5 c.c. moist nitrogen at 11° and 765 mm. ; N=10°91. 
©,,H,,N,0; requires C= 64°61; H=6:15 ; N=10°77 per cent. 


On boiling the solution of the ethereal salt with concentrated potash 
for about 2 hours, it is hydrolysed, and on adding hydrochloric acid 
to the red alkaline liquid, the organic acid is precipitated. This crys- 
tallises from boiling water in colourless, silky prisms containing water 
of crystallisation which they lose at 100°, becoming opaque. It softens 
at about 170° and melts at 180° with evolution of gas. A nitrogen 
determination of the acid dried at 100° gave the following result, 
which corresponds with the formula for the phenylmethylpyrazolone- 
acetic acid : 

02300 gave 24°5 c.c. moist nitrogen at 18° and ‘754mm. N=12:-20. 

C,,H,,.N.,O0, requires N = 12-07 per cent. 


The air-dried crystals contain 1H,0. 


0:3020 lost, at 100°, 0:0220. H,O=7:28. 
C,,H,.N,0,,H,O requires H,O = 7°20 per cent. 


Action of Bromine on Ethylic Acetosuccinate. 


The study of the action of bromine on ethylic acetomethylacetate 
led to the result that the halogen enters into the y-position and yields 
a compound of the formula CH,BrrCO-CH(CH,)-COOC,H, (Roubleff, 
Annalen, 1890, 259, 261 ; Hantzsch, zbid., 1890, 266, 90). 

This ethereal salt, on heating, loses ethylic bromide with formation 
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of tetrinic acid (a-methyltetronic acid), which has lately been subjected 
to a closer investigation by L. Wolff (Annalen, 1895, 288,11). He 
showed that the acid is to be represented by the formula 
CO:CH, 
CH, .H—co> 

which was first suggested "ed Michael (J. pr. Chem., 1888, 37, 502). 
Similar to the transformation of ethylic bromacetomethylacetate is 
that of the bromo-derivative of ethylic acetosuccinate, giving rise to 
the formation of ethylic carbotetrinate, which had already been 
obtained by Moscheles and Cornelius (Ber., 1888, 21, 2603). We 
have repeated these experiments, as the bromo-derivative of ethylic 
acetosuccinate had not been analysed, and we are able to confirm their 
observation as to the formation of ethylic carbotetrinate, which is 
formed on distilling the bromo-derivative under diminished pressure. 

The ethereal salt of the bromo-acid is obtained on adding the calcu- 
lated quantity of bromine to the solution of ethylic acetosuccinate in 
chloroform, and subsequently evaporating. The oil, after having been 
left in a vacuum over potash and sulphuric acid for some time, was 
analysed, the results agreeing with the formula 

CH,Br-COCH<Cogu 
0°3833 gave 0'2458 AgBr. Br=27:'29. 
C,,H,;BrO, requires Br = 27°12 per cent. 


The density was found to be d 15°/15° = 1°3854. 

On distilling the bromo-compound under diminished pressure, it 
decomposes, and an oil distils over at 191—198° (at 14 mm.). This soon 
solidifies, and, on crystallisation from benzene, separates in colourless 
plates melting at 96—97°. It is readily soluble in alcohol, but only 
sparingly in ether. 

The results of analysis agree with the formula for ethylic carbo- 
tetrinate : 

CH," CO: CH: CH,* COOC,H, 
O—-——CO 


02163 gave 0°4121 CO, and 0:1086 H,O. C=51:96; H=5-57. 
C,H,,0,; requires C = 51°61 ; H=5-38 per cent. 
The aqueous solution of this ethereal salt reddens litmus paper, 


reduces ammoniacal silver nitrate, and is coloured red by ferric 
chloride. 


Ethylic Benzoylsuccinate. 


This compound has been obtained by W. H. Perkin, jun. (Trans., 
1885, 4'7, 272), by the interaction of the sodium compound of ethylic 
benzoylacetate and ethylic chloracetate. He states that the ethereal 
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salt thus prepared suffers decomposition when distilled under diminished 
pressure, unless the operation is carried out rapidly with small quantities 
of substance ; we find, however, that it boils without any decomposition 
if the operation be conducted at a very low pressure. It is a yellow oil, 
which distils at 192—193° under a pressure of 10 mm., has the density 
d 14°/14°=1-1404, and, in alcoholic solution, gives a red coloration 
with ferric chloride. 


0°2215 gave 0°4256 CO, and 0°1350 H,O. C=64°72 ; H=6:77. 
C,,H,,0,; requires C= 64°75 ; H =6°47 per cent. 


According to the result of the chemical investigation of ketonic 
compounds by Claisen, which have been supported by Briihl’s refracto- 
metric researches, ethylic beuzoylsuccinate should be represented by 


the symbol C,H,*C(OH):C<Gp coc Hand this agrees with the 
2 "6 


refractometric behaviour of the ethereal salt. The refractive index was 
: 2_ 1Y, 

found to be m)»=1°1404 at 16°. The molecular refraction, —— - od 

therefore, is 72°62 whilst the above formula requires 72°72. 

Ethylic benzoylsuccinate, when allowed to remain in contact with 
strong aqueous ammonia, gradually disappears, and the dark liquid 
deposits coloured crystals ; these dissolve in boiling water, and, after 
decolorising the solution with animal charcoal, crystallise in colourless 
needles which were identified as succinimide by a comparison with a 
specimen prepared from ethylic succinate, and by a nitrogen determi- 
nation, 


02102 gave 44 c.c. moist nitrogen at 19° and 763 mm. N = 24-20. 
C,H,N,O, requires N = 24°14 per cent. 
Ethylic benzoylsuccinate, therefore, under the influence of ammonia, 
undergoes a decomposition similar to that which takes place on boiling 
it with baryta water (compare Perkin, loc. cit.). 


GONVILLE AND CalIvus COLLEGE, 
CAMBRIDGE. 


XXXII.—Contributions to the Knowledge of the B-ketonic 
Acids. Part V. 
By SrecrrieD RuHEMANN, Ph.D., M.A., and A. S. Hemwmy, B.A., M.Sc. 


In the course of further research on the behaviour of ethylic chloro- 
fumarate and ethylic a-chlorocrotonate towards the ethereal salts of 
B-ketonic acids, we have met with compounds which claim a special 
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interest, and, although the experiments have not yet been concluded, 
we think it advisable to communicate the results already obtained. 

To a solution of 3°8 grams of sodium in 100 c.c. of absolute alcohol, 
30°4 grams of ethylic oxalacetate are added, and the sodium compound 
thus formed is mixed with 33°4 grams of ethylic chlorofumarate ; on 
digesting the mixture for about 2 hours on a water bath, the whole 
dissolves to a deep blue solution, without any sodium chloride being 
deposited. The residue left on distilling off the alcohol is neutral to 
litmus, and when treated with water deposits an oil containing un- 
changed ethylic chlorofumarate ; this can be removed by agitation with 
ether. 

When hydrochloric acid in excess is added to the blue aqueous 
solution thus obtained, the colour becomes paler, but does not com- 
pletely disappear until after the lapse of a considerable time. At the 
same time, the acid precipitates an oil and a solid substance, which can 
be easily separated, as the former dissolves readily in ether, whereas 
the latter, being almost insoluble, remains suspended in the ethereal 
as well as in the aqueous solution ; it is collected on a filter and washed 
with water. The white substance thus obtained dissolves in dilute alkali, 
producing a blue solution, the colour of which rapidly disappears if ex- 
cess of the reagent is added. On warming the substance with water or 
alcohol, a trace of it dissolves, and the blue colour again appears, but 
disappears slowly on the addition of hydrochloric acid. The compound, 
therefore, has strong acid properties, and forms a blue salt with the 
alkali contained in the silicate, which the solvents extract from the glass. 

The behaviour of the substance towards alkalis shows evidently an 
analogy with phenolphthalein. 

On carefully warming the solid with glacial acetic acid, it dissolves 
(prolonged heating causes decomposition), and on cooling crystallises 
out in colourless needles, the solution again being of a deep blue colour, 
due undoubtedly to the alkali dissolved out of the glass. The crystals, 
washed with water to remove the coloured mother liquor, and dried first 
in a vacuum and then at 100°, melted and decomposed at 200°, and on 
analysis gave numbers corresponding with the formula C,,H,,0,. 


0°2379 gave 0:4690 CO, and 0°1047 H,O. C=53°76; H=4°89. 

02120 ,, 04185 CO, ,, 0:0975 H,O. C=53:83; H=5-11. 

02156 ,, 0-4250C0, ,, 01017 H,O. C=53-76; H=5-24- 
C,,H,,0, requires C= 53°84 ; H=5:12 per cent. 


Besides this compound, another is formed isomeric with it; this is 
contained in the oil which separates from the blue solution along with 
the above-mentioned white solid. The ethereal extract containing this 
oil deposits crystals on standing for a day in a vacuum, These, after 
being freed from adhering oil by filtration and washing with dilute 
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spirit, are crystallised from alcohol, when they are obtained in colour- 
less needles melting at 123°. 


0:2140 gave 0°4225 CO, and 0-1055 H,O. C=53°81 ; H=5-46, 
0:2199 ,, 0-4350CO, ,, 0:1040H,O. C=53-94; H=5-25. 


C,,H,,0, requires C=53°84 ; H=5:12 per cent. 


This compound differs from its isomeride, not merely in its melting 
point, but also in its chemical behaviour ; it dissolves in dilute alkali, 
but without any coloration ; ferric chloride added to the alcoholic 
solution colours it reddish-brown, whilst the isomeride melting at 200° 
gives a slight coloration with the ferric salt only after standing for 
some time. 

The facts that the ethylic chlorofumarate is hardly attacked, and 
that no sodium chloride separates, point to the view that ethylic 
oxalacetate alone takes part in the formation of these two isomerides. 
In fact, Claisen and Hori (Ber., 1891, 24, 120) observed in the 
formation of the triethylic salt of aconityloxalic acid from ethylic 
oxalacetate a blue coloration of the liquid, which they attributed to 
a salt of another condensation product of the latter substance; they 
did not, however, further investigate the matter. 

The formation of the two isomerides may without difficulty be 
explained by assuming that 2 mols. of ethylic oxalacetate unite with 
the loss of 1 mol. of water and 1 of alcohol, and we may suppose that 
the formation of the compound decomposing at 200° takes place in the 
following manner. 


COOC,H,*: Hic ————C 0H: :C000,H, is CO0C,H,-C———— ©-C000,; 


C,H, 0:0C-C(OH):C H -COOC,H, CO-C(OH):C-C000,H, 


This substance is accordingly to be regarded as triethylic anhydro- 
oxalaconitate, and we may explain the coloured salts derived from it 
as formed by displacement of the hydrogen of the hydroxyl group by 
metal ; whilst the decolorisation of the blue solutions with excess of 
alkali may be considered to be brought about by the scission of the 
ring and formation of salts of ethylic aconityloxalate. 

In a similar way, the formation of the isomeride melting at 123° 
may be accounted for as follows. 


CO0C,H,:C=C-CO0C,H, 


0< >CO 
CO00C,H,:C=6H 


This compound may therefore be represented as ethylic pyronetri- 
carboxylate, and this view is supported by the similarity of its 
behaviour to that of pyrone. 
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We are occupied with the further study of these isomerides and with 
the working out of methods of production which will give better yields 
than those described above. 


GONVILLE AND CAIUS COLLEGE, 
CAMBRIDGE. 


XXXIII.—The Nitrites of Mercury and the Varying 
Conditions under which they are formed. 


By P. C. Ray, D.Sc. (Edin.). 


Mercurous Nitrite,* Hg,(NO,).. 
In an earlier paper f on the preparation of the above salt, I said that 
“yellow nitric acid of sp. gr. 1:410 is diluted with water in the proportion 
of 1 to 3; alarge excess of mercury is at once poured into the liquid, 
the heat of solution of the acid in water helps to start the reaction.” 
This has since been repeated several times, and I have found that colour- 
less nitric acid acts just as well, and that it is better to dilute it in the 
proportion of 1 to 4; in other words, dilute nitric acid containing 13 to 
14 per cent. N,O, seems to be most favourable for the growth of the 
yellow, thin needles and prisms. For the results of analyses, see A I, 
IT, Table, p. 345, 
Method of Analysis. 


Estimation of Mercwry.—The mercury which separates out on gently 
heating the salt with water has been termed “free’’ mercury ; that 
contained in the clear solution in the mercurous state was thrown 
down as chloride by means of sodium chloride, and that existing in the 
filtrate in the mercuric form was estimated as sulphide. For details, see 
loc. cit., p. 267. Sometimes the free mercury comes out too low ; this 
is dueschiefly to imperfect coagulation of the grey powder and loss 
by volatilisation. 

As a further check, some of the salt was dissolved in the minimum 
amount of strong nitric acid, sodium chloride was added to the solu- 
tion, and the precipitated calomel was redissolved in aqua regia, and 
the total mercury precipitated as sulphide. For result of this analysis 
and the formula, &c., see A III, Table, p. 345. 

In the memoir referred to above, the mercury in the mercuric salt 
was generally thrown down as calomel by the addition of phosphorous 
acid ; this method invariably gave too low results, in fact 30°7 was 

* Compare Divers and Haga, Trans., 1887, 41, p. 49. 


+ Zeit. anorg. Chem., 1896, 12, 365, (from Journal Asiatic Society Bengal, 1896, 
lxy., ii, No. 1). 
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taken as the mean percentage of mercury both in the “‘ free” state as 
also in the mercuric salt ; in only one instance was the mercuric mercury 
estimated as sulphide, and this gave 31°33 as the percentage (loc. cit.), 
I naturally gave preference to the number 30°7, and was thus misled 
into assigning the formula Hg,(NO,),+H,O to the salt. Ihave, how- 
ever, since then succeeded in preparing a hydrated salt of this formula, 
which will be described later on. 

Estimation of the Nitrogen.—As stated in the first paper, the nitrogen 
was estimated by the Crum-Frankland method. 

Determinations of nitrogen by the direct method, however, seemed 
highly desirable, especially as the various basic nitrites and nitrates to 
be subsequently described are but sparingly soluble in water, and 
are only partially decomposed on treatment with an alkali; conse- 
quently, the total nitrogen cannot be obtained in the soluble form. 
The method employed was that of Dumas, somewhat simplified. The 
salt was placed in a porcelain boat in a combustion tube and the whole 
length of the tube between the boat and the delivery tube was closely 
packed with bright copper foil, well-dried magnesite being used for the 
supply of carbonic anhydride. This method had the additional advan- 
tage that the various stages of decomposition of the salts could be 
watched, and also that it was easy to see whether water was. given off 
from them.* For analytical data, see A II, Table, p. 345. 


Formation of the Nitrite as Dependent on the Strength of the Acid. 


A. WNitric acid (1:4).—It has already been pointed out that the 
acid (sp. gr. 1°41) diluted in the proportion of 1 to 4 of water favours 
the growth of the yellow needles and prisms. It was, however, thought 
desirable to systematically study the conditions under which the 
nitrites are formed. 

With this acid(1 : 4), the needles begin to appearin the course of about 
half an hour, and at the end of 24 hours a considerable crop is obtained. 

- As, however, the crop thus formed on the surface of the mercury 
acts as a protective layer, thereby hindering the action of the liquid 
on the metal, the salt ceases to grow; the deposit of the nitrite, 
therefore, should be removed, and the mercury and liquid carefully 
decanted off into another beaker, when a second crop will be obtained 
the next day. By repeating the process, successive crops can be col- 
lected from day to day. 

B. Nitric acid (1: 6).—The first crop of crystals of mercurous nitrite 
was collected next day, and two others at intervals of 5 days, but a 


* I avail myself of this opportunity to express my sincere thanks to Mr. N. 
Chandra Nag, M.A., Junior Assistant, Chemical Department, for his assiduous and 
ungrudging help in making the nitrogen estimations. 
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small quantity of the crystals of nitrite from the last crop was left 
with the mother liquor and the excess of mercury ; 12 days afterwards 
a single, colourless, bright crystal was observed, and 2 days after this 
a large crop of the same kind of crystals was collected. This salt, on 
analysis, was found to be that described below as “‘ Marignac’s salt.” 

C. Nitric acid (1: 1).—The action was immediate and very energetic, 
torrents of red fumes being evolved, and the liquid turning bluish to 
greenish ; after about half an hour, the action seemed almost to cease. 
At the end of about 20 hours, a crust of long, colourless needles was 
formed ; the lower part of the crust, however, consisted of the yellow 
nitrite mixed with the former. 

D. Nitric acid (1: 2).—The action was somewhat less energetic, the 
product consisting practically of yellow salt, a small portion only being 
transformed into colourless needles. 


Behaviour of Nitric Acid towards Mercurous Nitrite. 


Strong nitric acid, in the cold, has no immediate action on the salt ; 
but, after a few minutes, energetic action sets in. If the mixture is 
heated immediately after adding the strong nitric acid, a violent action 
begins, copious red fumes are given off, and a clear solution of mercuric 
salt is obtained. If, after adding strong nitric acid, a small quantity 
of water is poured in, action at once commences, nitrous fumes are 
evolved, and the liquid becomes bluish ; at the same time, a few glo- 
bules of mercury separate, but disappear on warming the liquid, which 
contains both mercurous and mercuric salts. If, however, the salt be 
treated with cold, dilute nitric acid, the action is very slow, bubbles of 
gas being given off at intervals ; it is only after the action has con- 
tinued 3 to 4 days that the salt dissolves, and colourless crystals of 
mercurous nitrate (“ Marignac’s salt”) crystallise out. 


Influence of the presence of Nitrous Acid in promoting the formation 
of the Nitrite. 


Russell,* Divers,t and, lately, Veley { have come to the conclusion 
that it is the nitrous acid present in the nitric acid that plays the 
prominent part in the dissolution of metals like silver, mercury, and 
copper, &c. In order to decide what advantage, if any, would be 
gained if nitrous acid were initially present, three parallel experiments 
were started simultaneously. 

I.—50 c.c. of colourless nitric acid, sp. gr. 1°410, diluted with 150 c.c. 

of water, to which was added an excess of mercury. 
* ©. 8. J., 1874, 27, 8. 
+ Ibid., Trans., 1883, 43, 443 ; Trans., 1885, 47, 231. 
t Proc. Roy. Soc., 1890, 48, p. 458. 
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{I.—The same as above, with a few drops of red fuming nitric acid. 
ITI.—The same as in I, with 5 c.c. of red fuming nitric acid. 

In I, after the lapse of about 15 minutes, there was scarcely any depo- 
sit of yellow needles, in II the deposit was distinctly visible, in III more 
so ; after the lapse of another hour, a deposit was formed in I; in fact, the 
amounts in I and II were much the same ; whilst in III it was some- 
what larger. Next day, the yield was found to be practically the same 
in all three. It is evident, therefore, that nitrous acid over and above 
that present even in colourless nitric acid, gives a slight advantage 
at first, but this disappears in the long run. 


I. Monhydrated Mercurous Nitrite. II, Basie Mercuroso-mercuric 
Nitrites ; and III. Mercuric Nitrite. 


Mercurous nitrite, Hg,(NO,.),, has been shown to undergo partial de- 
composition when treated with water, thus: Hg,(NO,), = Hg(NO,), + Hg. 
Nearly 22 per cent. of the salt, however, remains in solution as such. 
When the solution was hot and concentrated, it was noticed that a 
yellow, powdery mass separated on cooling, and, on analysis, this was 
found to be the unaltered nitrite, Hg,(NO,),. On allowing a some- 
what dilute solution to evaporate spontaneously in a shallow dish, the 


salts mentioned above were obtained in succession. A detailed descrip- 
tion of each is given below. 

I. Monhydrated Mercurous Nitrite : Hg,(NO,), + H,O.—In the course 
of 2 to 3 days a crop was obtained consisting of glistening, pale, lemon- 
yellow prisms. The action of water on this salt is precisely similar to 
that on mercurous nitrite. When kept in contact with water for some 
time, metallic mercury, in a fine state of division, begins to separate. 
The method of analysis was the same as that employed for mercurous 
nitrite. For results, see Table. 

On comparing the result with that of mercurous nitrite, it would ap- 
pear that the rate of dissociation of this hydrated salt is differert, 
although in its general behaviour it resembles the former. (Vide B I, 
II, III, Table, p. 345.) 

That the present salt contains water of crystallisation is proved by 
the fact that, when kept in the desiccator over strong suiphuric acid, 
it effloresces somewhat ; but the former salt, Hg,(NO,),, neither loses 
in weight nor in brilliancy under similar conditions. 

As the analyses given represent different preparations, it is evident 
that a salt of constant composition is always formed. 

Of the several salts described in the present paper, this is the only 
one which yielded crystals big enough for measurement. Mr. T. H. 
Holland, of the Geological Survey of India, kindly undertook to exa- 
mine the crystals (see the next paper). 


CONDITIONS UNDER WHICH THEY ARE FORMED. 341 


II. Basic Mercuroso-mercuric Nitrites.—Of these there are two, 
namely, the a-salt, having the formula 9Hg,0,4Hg0,5N 20;,8H, O, 
and the #-salt, Hg,0,2HgO,N,0,,2H,O. When the triclinic prisms 
of the above monhydrated salt had ceased to grow, small, orange- 
coloured nodules began to appear along with them, and then deep 
yellow clusters of needles or feathery tufts starting from a nucleus, 
These two basic salts have been named a and B respectively. The 
analyses (see Table, p. 345) belong to two distinct preparations. 

The behaviour of the present class of salts was entirely different 
from that of the previous normal nitrites. When kept in contact with 
water, scarcely any change was noticed, and no separation of mercury 
took place, but on agitating with a few drops of dilute nitric acid, 
they dissolved completely. Dilute nitric acid, therefore, can be used 
in the diagnosis of the two classes of salts—normal and basic. 

If dilute nitric acid is poured on the normal salt and the mixture 
warmed, copious red fumes are at once evolved and an energetic action 
begins ; a small portion of mercury separates, dissolving slowly in 
the acid, with gentle effervescence. Nitric acid, in fact, seems to act 
in a two-fold manner. First, it displaces the nitrous acid, and then 
dissolves the mercury set free. Mercurous nitrate, for the most part, 
with only a small proportion of mercuric nitrate, remain in solution. 

When the salts are basic, nitric acid seems first to enter into combina- 
tion with the base, and if the acid be very cautiously added drop by 
drop, not the least trace of nitrous fumes is evolved. Dilute nitrie 
acid does not appear to exercise any oxidising action on these salts. 

In analysing these salts, they were dissolved, as explained above, and 
the mercurous and mercuric mercury estimated as calomel and sulphide 
respectively. (Vide CI—IV, D I—III, and E I—IX, Table, p. 345). 

The water in this and the following salts is easily given off when 
they are gently heated in a test-tube, but it is not given off in the 
desiccator, even when they are finely powdered ; it seems preferable, 
therefore, to regard it as “ water of constitution” (vide “ Marignac’s 
salt,” below). 

On referring to the table of results of analyses, it would appear 
that the mercurous mercury is sometimes too high by 0°6 to 0°8 per 
cent., whilst the mercuric mercury is too low on an average by about 
the same amount. The explanation appears to be that none of these 
salts could be washed or crystallised, and that, during the process of 
drying on a porous tile, some portion of the thick mother _ was 
absorbed by the salts. 

III. Mercurie Nitrite, 12HgO,5N,0,,24H,0O.—After the yellow, 
feathery crystalline tufts of the B-salt had ceased to be deposited, the 
mother liquor was still found to contain distinct traces of the mercur- 
ous salt, and the salt which now began to appear consisted of thin 
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scales, almost white with a faint yellowish tint ; these were, however, 
slightly contaminated with the mercurous salt. When the mother 
liquor had evaporated to dryness, very thin scales were formed, adhering 
to the bottom of the basin, and consisting purely of the mercuric salt ; 
these were easily detached from the dry, granular residue, com- 
posed mainly of mercuric nitrite with a slight admixture of the mer- 
curous salt. These scales, which were almost white with a yellowish 
tint, were kept over sulphuric acid before being analysed. The 
presence of water was proved qualitatively. 


Transformation of the Nitrite into Nitrate. 


(a) Monhydrated Mercurous Nitrate, Hg,(NO,),+2H,0.—The cir- 
cumstances under which the nitrite is transformed into the nitrate 
have already been alluded to (see ante, p. 341). At first, I came to the 
conclusion that the nitrate formed is invariably “‘ Marignac’s salt,” a 
description of which will be found below. It has lately been observed, 
however, that this is not the case. When the nitrite is prepared from 
an acid diluted in the proportion of 1:3, the conversion of this salt into 
a nitrate takes place more rapidly than when dilute acid 1:4 or 1:6 has 
been used. Sometimes in the course of two days, or even one day, 
colourless, soft crystals make their appearance side by side with the 
nitrite, but they soon disappear to reappear again in another form; 
they are highly efflorescent, falling to powder when exposed to dry air. 
In fact, whenever the transformation of the nitrite into nitrate takes 
place slowly, the more stable “ Marignac’s salt” is formed, and this 
explains why this nitrate has been so long overlooked by workers 
in this field. The new mercurous nitrate is sometimes deposited in 
isolated crystals, and sometimes as a thick crust ; in the latter case, 
some of the mother liquor always remains enclosed. 

Prep. I.—For analysis, small individual crystals were picked out. 


_ 10388 of the salt lost, in the desiccator, 0°0660 ; loss = 6°35 per cent. 
0°1300 of this dehydrated salt gave 6-2 c.c. moist nitrogen at 31° and 
759 mm. 


Prep. II.—0°4406, keptover H,SO,, lost 0°0275 (loss = 6-24 per cent.), 
and gave 0°3665 of HgS. 


Theory for Theory for Found. 
HgNO,+H,0. HgNO; as hydr. salt. as dehydr. salt. 
71°43 76°33 _ 76°49 
5°34 — 5:13 
~~ 6°30 (mean) — 
(6) Marignac’s salts 5Hg,0,3N,0, + 2H,0 or 3Hg,(NO,), + 2Hg,(OH), 
or Hg,(NO,),.,4Hg,(OH)NO,.—This is the form into which the normal 


TE ESS lS ee es 


oa an ae) 


Ss wee 


CONDITIONS UNDER WHICH THEY ARE FORMED. 343 


nitrite, described above, is ultimately converted. Regarding this 
compound, the information in Watts’ Dictionary of Chemistry, edited 
by Morley and Muir (vol. iii., p. 514) and in Roscoe and Schor- 
lemmer’s well-known treatise, is very vague and meagre. The ac- 
count given of it in Fremy’s Zncycl. (tome iii., 14° Cahier, p. 243), 
based on Marignac’s original memoirs,* is more complete, but the me- 
thod of preparation, or rather formation, of this salt is different from 
that described below ; and this probably explains the want of uniformity 
in the formule proposed by Gerhardt and by Marignac respectively. 

The formation of the nitrite and its ultimate conversion into the 
nitrate is fully explained in my first paper (Joc. cit.). 

In confirmation of the views there put forward, the following proof 
may be adduced. The residues from several preparations of the nitrite, 
consisting of mercury mixed up with some nitrite, together with the 
mother liquor, were in one case stored up in a tall, well-stoppered bottle, 
but the vessel did not burst, nor was the stopper thrown out. The fact 
is, there was no pressure of gas inside ; the bubbles of nitric oxide 
during their ascent through the long column of liquid were completely 
absorbed. At first, mercurous nitrite gradually formed and accumu- 
lated, but afterwards slowly dissolved, and in the course of about two 
months a hard crust of “‘ Marignac’s salt’ was deposited on the surface 
of the mercury, from which large, well-formed crystals with sharp edges 
projected. 

I am able fully to confirm Marignac’s statements as to the general 
properties of this salt. The crystals are very hard, and colourless ; 
retain their lustre unimpaired when exposed to the air, and do not lose 
water over sulphuric acid in a vacuum ; they give up water, however, 
easily enough when gently heated ina test-tube. It is necessary to bear 
in mind that the mercurous nitrite is not directly changed into this 
nitrate, but passes through the transitional form of the monhydrated 
nitrate Hg,(NO,), + 2H,O, although this latter stage oftentimes appears 
to be omitted. 


Analysis. 


I 0:4152 gave 03945 HgS. Hg=81°88. 

II. 03458 ,, 03290 HgS. Hg=82-01. 

III. 0:1877 ,, 6:2 c.c. moist nitrogen at 34° and 755 mm. N=3°47. 
Theory requires Hg = 81°96, N = 3°44 per cent. 


This salt is a definite and stable compound, the analytical results 
fully confirming Marignac’s formula; nearly a dozen analyses of 
different preparations were made. This affords independent testimony 
from a high authority as to the trustworthiness of the methods of 


* Ann. Chim. Phys., 1849, [8], 27, 515. 
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estimating mercury and nitrogen employed throughout the present 
investigation. 

In a future communication, I hope to throw further light on the 
formation as well as on the constitution of the nitrites described above. 


Summary. 


From the foregoing investigation, it seems to be established— 

1.—That by the action of dilute nitric acid in the cold,* the strength 
varying from 10 to 23 per cent. or so, mercurous nitrite is always 
formed. 

2.—That the mercurous nitrite thus formed slowly dissolves in the 
mother liquor, resulting in the production of mercurous nitrate of two 
kinds (a), monhydrated mercurous nitrate, Hg,(NO,), + 2H,0, and (5), 
the basic nitrate, termed “ Marignac’s salt.” 

3.—That when a neutral dilute solution of mercurous and mercuric 
nitrites (the products of dissociation) is allowed to evaporate spontane- 
ously, monhydrated mercurous nitrite, Hg,(NO,), + H,O, two mercuroso- 
mercuric nitrites, and a basic mercuric nitrite are successively formed. 

4.—That of these salts only two may be said to contain real “ water 
of crystallisation,’ namely, those termed monhydrated mercurous 
nitrite and nitrate respectively, in that they are efflorescent, losing 
water rapidly in a dry atmosphere ; the rest may be held to contain 
“ water of constitution.” 

CHEMICAL LABORATORY, 


PRESIDENCY COLLEGE, 
CaLcuTTa, July, 1896. 


* Some commentary is, perhaps, needed on the expression ‘‘in the cold,” used 
throughout. The average temperature of Calcutta at mid-day may be taken as 32°9° 
in the summer season, whilst in winter it is nearly 22°2°. These temperatures have 
been obtained from sixteen years’ observation of the thermograph (dry) at the local 
meteorological office, 
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XXXIV.—Crystallography of the Monhydrated 
Mercurous Nitrite. 


By T. H. Hotuanp, A.R.C.S., F.G.S., 
Deputy-Superintendent, Geological Survey of India. 


Tue crystals supplied me by Dr. Ray are lemon-yellow, and seldom 
exceed 3 mm. in length. Their small size, delicacy, and tendency to 
rapid decomposition in the warm, moist atmosphere of this climate, 
rendered their manipulation for crystallographic measurement a matter 
of considerable difficulty. As arule, too, only the faces on one side of the 
crystal—the free-growing surface—exhibited a sufficiently high lustre 
for work with the reflecting goniometer ; continuous work in one zone, 
therefore, was possible only to a limited degree. I believe, however, 
that the results recorded are correct to within 6’ of arc, which will be 
sufficiently precise for the recognition of similar forms on crystals of 
isomorphous compounds which may be produced in future researches. 
The crystals belong to the triclinic system, and generally exhibit 
only the four forms represented by the eight faces shown in Fig. 1. 


The angles between the normals to these faces are as follows :— 
am = 59° 41’, ac = 83° 20’. 
me =61° 22’, pe=42° 57’. 
pa=61° 11’. pm’ = 96° 33’. 


From these measurements, c and a will naturally be selected as 
pinacoids, of which ¢ will conveniently be the basal plane, but the 
angle between the faces « and m is so wide that it seems unadvisable 
to select m as the other vertical pinacoid. Its rejations to a agree 
more nearly with the faces generally regarded as prisms ( P), and 
this arrangement receives additional support from the appearance of 
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faces which appear to be the corresponding prism faces on some very 
minute crystals which I have examined under the microscope, but 


Fie. 2. 


which are far too small for goniometric work. Fig. 3 is a projection 
of one of these small crystals on a plane perpendicular to the vertical 


Fie. 3. 


as) 


crystallographic axis. By comparing it with Fig. 2, which is a similar 
projection of the commoner type of crystal, and which I have exa- 
mined goniometrically, it will be seen that the traces of a second 
prism face are shown as well as the plan of a dome-face in the’zone of 
a. I have carefully examined all the crystals at my disposal in hopes 
of finding a face which might conveniently be taken as the other ver- 
tical pinacoid, 6, but, so far, without success. To select the face m for 
this purpose would give a most unusually great inclination of the 
crystallographic axes, and I have, therefore, deferred the calculation of 
these angles, and consequently of the axial ratios, until further mate- 
rial may reveal some new combinations. The drawings, therefore, 
represent the average proportions of the crystals, and the faces repre- 
sented may provisionally be regarded as— 


c= basal plane (001). 

a@ = macropinacoid (100). 
m = prism (110). 
p=pyramid (111). 


The angular relations between the normals to these faces will be 
sufficient at least for their identification by future workers. 

Dr. Ray has called my attention to the statement in Fremy’s Ency- 
clopédie Chimique (vol. iii., 1889, p. 382), according to which silver 
nitrite erystallises in oblique prisms with an angle of 59°—a result 
not very different from the angle between the faces a, m in this ccm- 
pound. But Dr. Ray’s analyses indicate the presence in this com- 
pound of half a molecule of water. 

Examination of the crystals under the microscope shows numerous 
minute liquid inclusions with a zonal arrangement.* Determinations of 
the specific gravity of the compound would, therefore, be of little 
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scientific value. The crystals exhibit strong double refraction when 
examined between crossed Nicols, and macropinacoidal sections show an 
extinction angle of 33° to the vertical crystallographic axis. It would 
be interesting, should further researches reveal any isomorphous com- 
pounds of similar habit, to ascertain the position of the optic axial 
plane, as the optical constants of compounds, both natural and 
artificial, appear to be very sensitive to small changes in chemical 
composition. 


XXXV.—Mercury Hypomtrites. 
By P. C. Ray, D.Sc. (Edin.). 


PRELIMINARY NOTICE. 


Ir has been shown elsewhere* that mercurous nitrite, on prolonged 
contact with a large bulk of water, partially dissociates into mercury 
and mercuric nitrite, but that nearly 22 per cent. of the salt dissolves 
as such. We have thus a neutral solution containing both mercurous 
and mercuric nitrite. It occurred to me that, if this solution were 
treated according to the method of Divers,t the discoverer of hyponi- 
trites, it might be possible to obtain the corresponding mercury 


compounds. 
Mercurous Hyponitrite. 


Divers reduced sodium nitrite by means of sodium amalgam, 
neutralised the solution with acetic acid, and finally added silver nitrate 
to it. This method, however, proved to be a failure in the present 
case. Instead of mercurous hyponitrite, as was expected, there was an 
almost immediate grey, and even blackish, deposit of metallic mercury. 

The explanation of the reduction in this case is probably to be looked 
for in the formation of hydroxylamine simultaneously with the hyponi- 
trite. It thus became necessary to find a method of preparing sodium 
hyponitrite to the exclusion of this reducing agent. 

On consulting the literature on this subject, I came across Zorn’s 
method as improved by Dunstan and Dymond (Trans., 1887, 51, 646). 
I found that the sodium hyponitrite prepared by their method is quite 
free from hydroxylamine ; and, although a trace of ferric hydroxide, pro- 
bably in a colloidal form, passes through the filter paper, imparting to 
the liquid a slight brown colour, it is completely precipitated and the 
solution becomes perfectly clear on allowing it to stand overnight. 

Preparation.—To the solution containing mercurous and mercuric 
nitrite, sodium hyponitrite solution in a highly diluted form is 
cautiously added drop by drop ; a copious, flocculent, yellow precipitate 

* This vol., p. 340; also Zeit. anorg. Chem., 1896, 12, 365. 
+ Proc, Roy. Soc., vol. xix. (1870—71). 
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is at once obtained, which is apt to turn slightly greenish afterwards. 
A good deal depends on the way in which the two solutions are mixed ; 
for instance, if the order be reversed, or if too much of the hyponitrite 
solution be used at once, the precipitate turns grey and even black. 
Although it is possible to remove the whole of the mercurous mercury 
by the addition of the hyponitrite solution in successive portions, a 
considerable quantity of mercuric mercury is carried down along with 
the mercurous. If more hyponitrite is now added to the filtrate con- 
taining only mercuric nitrite, a voluminous, gelatinous, white precipitate, 
exactly resembling aluminium hydrate, is thrown down. 

There are substantial grounds for believing that the yellow substance 
obtained above by fractional precipitation is a mixture of mercurous and 
mercuric hyponitrites. It thus became necessary to study the properties 
and composition of the latter before those of the former could be 


ascertained. 
Mercuric Hyponitrite. 


The solution containing the mercurous and mercuric nitrites was 
treated with sodium chloride to get rid of the mercurous mercury, and 
to the filtrate, which now contained only mercuric nitrite, sodium hypo- 
nitrite solution was added ; the gelatinous, flocculent precipitate thus 
produced was thoroughly washed on a filter, and dried over sulphuric 


acid. The impalpable, dirty white powder thus obtained is only 
sparingly soluble even in boiling dilute nitric acid, whilst strong 
nitric acid, strange to say, has scarcely any action on it; it is, 
however, readily soluble in warm, dilute hydrochloric: acid. Two 
separate preparations were analysed. 
I. 02558 salt gave 0°2516 HgS. Hg =84:83.* 
II. 0:2238 ,, ,, 02180 HgS. Hg=83-96. 
II. 0°2328 ,, ,,6°6c.c. moist nitrogen at 33° and 757-5 mm. N = 2°97. 
The formula Hg(NO), +3HgO + 3H,O, or Hg(NO), + 3Hg(OH), re- 
quires Hg = 83°16 ; N=2°91 per cent. 
The presence of water was proved qualitatively ; it is easily given off 
when the substance is gently heated in a test-tube. 
Analyses of two separate preparations of the light yellow powder, a 
mixture of mercurous and mercuric hyponitrites, gave the following 
results after being dried over sulphuric acid. 


I. 0371 gave 0367 HgS. Hg=85-28. 
Il, 01565 ,, 0:1532 HgS. Hg=84:37. 
The nitrogen in I amounted to 4 per cent. 
Hg,(NO), requires Hg = 86°95 ; N =6-09 per cent. 
* As the sodium hyponitrite solution was alkaline, it is very likely traces of 


“ny oxide were carried down; henee the percentage of mercury is rather too 
high 
gh. 


VOL, LXXI. BB 


350 DUNSTAN AND CARR: CONTRIBUTIONS TO OUR 


The low percentage of nitrogen and of mercury in the mixture is now 
easily accounted for, as it contained a considerable proportion of 
mercuric hyponitrite. 

Apart from the results of the analysis, the reasons for believing that in 
the above mixture we really have a mercurous hyponitrite are (1) That 
when gently warmed with dilute hydrochloric acid a part of the mercury 
is thrown down as calomel and bubbles of a gas are slowly given off, con- 
sisting apparently of a mixture of nitrogen and nitrogen monoxide ; 
(2) That the palé yellow, amorphous substance resembles in physical 
properties the analogous silver compound. If the silver compounds be 
compared with the corresponding mercury salts, it is found that the 
colour is deeper in the case of the metal of high atomic weight ; silver 
nitrite, for example, is pale yellow, whereas mercurous nitrite is 
distinctly yellow ; silver bromide is pale yellow, and mercurous bromide 
has been obtained as yellow spangles ; again, silver iodide is distinctly 
yellow, and the colour of mercurous iodide is, perhaps, a shade deeper.* 

The hyponitrites of mercury have been found to be far more stable 
towards heat than the nitrites and nitrates of this metal. I am 
continuing this work in the hope of discovering a method of obtaining 
pure mercurous hyponitrite, and I also intend to take up a systematic 
examination of the gases evolved by the action of heat and of dilute 
acids on these compounds, on the lines of Divers and of Berthelot and 


Ogier.T 
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XXXVI.—Contributions to our Knowledge of the Aconite 
Alkaloids. Part XIV.—On Pseudaconitine. 


‘By Wynpam R. Dunstan, M.A., F.R.S., and Francis H. Carr, 
A.I.C., Salters’ Company’s Research Fellow in the Laboratories of 
the Scientific Department of the Imperial Institute. 


In previous papers communicated to this Society, an account has been 
given of an investigation of the principal properties and decomposition 
products of the alkaloid aconitine, derived from the roots of Aconitum 
Napellus. The enquiry has since been extended to a similar examination 
of the alkaloids occurring in other species and varieties of aconite. At 


* During the preparation of nitroethane by the action of mercurous nitrite on 
ethylic iodide, I have obtained mercurous iodide in the shape of bright yellow scales. 
See also Yvon (Compt. rend., 1873, 76, p. 1607). 

Compt. rend., 1883, 96, 30. 
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the request of the Government of India, an investigation is being 
made, in the Scientific Department of the Imperial Institute, of the 
alkaloidal constituents of the chief kinds of aconite indigenous to 
India, especially of those which are highly poisonous, or are reputed 
to be of medicinal value. In this connection, Dr. H. A. D. Jowett 
has described (Part XIII of this series) the principal properties 
and decomposition products of atisine derived from the Aconitum 
heterophyllum of India. In a previous communication, and in the 
present paper, we give an account of pseudaconitine, the highly 
poisonous constituent of the aconite occurring in Nepaul, which 
is usually regarded as Aconitum ferox, and locally known as “ bish” 
(bikh). Our previous knowledge of this alkaloid is almost wholly 
due to the researches of Alder Wright, who, in conjunction with 
Luff, gave an account of its properties in a paper communicated to 
this Society in 1878. The material employed in our work consisted 
of roots of the plant, which were specially collected with great care 
in the Himalayas under the supervision of Dr. George Watt, the 
Reporter on Economic Products to the Government of India. 


Pseudaconitine. 


In a preliminary notice communicated to the Society two years ago 
(Proc., June, 1895), the authors described some of the properties of 
pseudaconitine. They showed that its hydrolysis occurs in two stages, 
in the first of which acetic acid and a crystalline base veratrylpseud- 
aconine are formed, and in the second the elimination of a molecule of 
dimethylprotocatechuic acid takes place with the formation of pseud- 
aconine. It has also been shown that, when pseudaconitine is heated in 
the dry state, one molecular proportion of acetic acid distils over, and a 
base is left, to which the name pyropseudaconitine was given. This base, 
when hydrolysed, furnishes dimethylprotocatechuic (veratric) acid and 
pyropseudaconine. The present paper gives a more detailed account 
of the experiments which furnished these results, and also an account 
of other observations on the properties of the salts and derivatives of 
pseudaconitine. 

Extraction of the Alkaloid.—Several methods have been tried for the 
extraction of the base from the root, involving the use of methylic, 
ethylic, and amylic alcohols. Finally, a mixture of methylic and 
amylic alcohols, in the proportion of 5 to 1, was adopted as the most 
efficient solvent. The methylic alcohol is distilled from the slightly 
warmed percolate, under reduced pressure, when a quantity of at 
separates; this | removed, and the alkaloid is extracted from the 
amylic aleohol by -! xking it with very dilute (1 per cent.) aqueous 
hydrochloric acid. The solution is then shaken with ether, to remove 

BB 2 
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the dissolved amylic alcohol, the alkaloid liberated by the addition of 
dilute ammonia, and then extracted by shaking with ether in the 
usual manner. On evaporating the dried ethereal solution, white 
crystals separate, which are recrystallised by dissolving them in dry 
chloroform, adding dry ether, and then dry light petroleum, until a slight 
turbidity is produced; by this means, a considerable supply of pure 
pseudaconitine was obtained. Judging from the yield obtained from 
the roots of Aconitum ferox, it would appear that more pseudaconitine is 
present in them than there is of aconitine in the roots of A. Napellus ; 
but this is a question to which we shall return in a future paper. 

Properties of Pseudaconitine.—The pure base crystallises well. Mr. 
W. J. Pope has kindly examined some fairly well-defined crystals, with 
the following results. 

“ The crystals of pseudaconitine consist of small, colourless, trans- 
parent crystals of rhomboidal shape, having a rather vitreous lustre. 
Owing to the poor character of the images obtained from the various 
faces, the measurements given below are of no great accuracy ; they 
would indicate that the crystals belong to the orthorhombic system. 
That the crystals are, however, not orthorhombic, is shown by the faces 
which they exhibit, and also by the interference figure observed in 
polarised light. Considering, for the purpose of description, that the crys- 
tals are really orthorhombic, the following faces are always observed : 
—(010), (010), (111), (111), (111), (111), (111), and (111), with traces of 
the form {110}; the two faces (111) and (111) are never observed. 
This observation was made on all the crystals examined—ten in 
number, belonging to two different crops—and the same faces of the 
forms {010} and {111} were found in every case ; this arrangement of 
faces is not possible in the hemihedral subdivisions of either the 
orthorhombic or monosymmetric system. The crystals must, there- 
fore, be assigned to the rare anorthic hemihedral system, two of the 
forms having the indices 111 being present as half-forms only, and 
the interaxial angles a, 8, and y being equal to 90° within the rather 
wide limits of error incurred in the measurement of crystals such as 
those now described. 

‘The crystals present the appearance shown in Fig. 1, and have the 
axial ratios— 
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a:b6:c = 0°8362:1:0°6938. 


Fie. 1. 


OM) 


“The following angular measurements were obtained : 


No. of 

Angle. measurements. Limits. Mean. Calculated. 
bo = 010: : ° 14’—- 62° 17’ 1° 54’ — 
00 Rit 3 27 — 56 5 C65 56° 12’ 
bo = 010: g 26 —118 1 7 58 118 6 
oo = 111: 12— 68 £ 8 384 — 
oo = 111: 14—111 35 24 111 26 
o =111; 8 1— 95 2! 94 35 94 29 
oo = 111:111 5 2— 85 37 35-20 85 31 
pp = 110: 54 — 80 9 20 79 48 
pp 110: == 100 12 


“The crystals are very brittle, and possess a good cleavage; the latter 


however, could not bedetermined. On examining a cleavage fragment 
under a very wide angle objective, one optic axis is seen to emerge at 
the edge of the field ; it shows that the dispersion is inclined, which is 
only possible in the monosymmetric or anorthic system. The hemi- 
hedral character of the crystals is of interest, because non-superposable 
hemihedrism is so rarely observed on crystals of the natural alkaloids, 
that it has been said not tooccur. (Wyrouboff, Ann. Chim. Phys., 1894, 
[vii], 1, 11). 

“The crystalline form of aconitine has been determined by Tutton 
(Trans., 1891, 59, 228), who found the crystals to be orthorhombic, 
but did not observe hemihedrism. Although morphotropic relationships 
would seem to exist between the crystalline forms of aconitine and 
pseudaconitine, yet these can hardly be worked out from the data now 
given for the latter alkaloid ; the following corresponding angles on 
the two compounds seem to show some similarity.” 

Aconitine. Pseudaconitine. 
100 : 121 60° 39’ 010: 111 61° 54’ 
010 : 121 57 42 100 111 55 48 
001 : 121 46 33 001 :111 47 15” 


The crystals melt with decomposition at 201°, acetic acid gradually 
distilling off ; the melting point is fairly sharp if the substance is put 
into the bath heated to 150° and the temperature slowly raised. Wright 
and Luff (Joc. cit.) have recorded 104—105° as the melting point of 
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pseudaconitine. They state that the alkaloid contains 1H,O, which 
is lost at 100°, but we have not been able to confirm this observation. 
Pseudaconitine dissolves readily in alcohol, chloroform, and acetone, 
less readily in ether, very slightly in water, and,scarcely at all in light 
petroleum. 

Pseudaconitine is dextrorotatory. A determination of the specific 
rotatory power, using an alcoholic solution, gave 


c=1°12 1=2 dm. a= 25’ t= 15° 
100 x 25 
whence [e]o=957 x 112 x60 


= + 18° 36’. 


The ordinary salts of pseudaconitine are levorotatory, and usually 
soluble in water and alcohol. Combustion of the alkaloid made with 
the material dried at 100° gave the following results. 


I. 0:2612 gave 05964 CO, and 0°1694 H,O. C=62-29 ; H=7:20. 
II. 0°2587 ,, 0597500, ,, 0°1484 H,O. C=62°96 ; H=6:37. 


These figures nearly correspond with those calculated from the for- 
mula proposed by Wright and Luff (Trans., 1878, ii, 151), namely, 
C,,H,,NO,,, for which the calculated percentages are, for carbon, 
62°88 ; for hydrogen, 7:13. Like aconitine, pseudaconitine and its 
salts, even in very dilute solution, give rise to a persistent tingling 
and numbing sensation on the tongue, and are highly poisonous. 
From preliminary experiments on the relative toxicity of various 
aconite alkaloids, which have been made at our suggestion by Dr. 
F. W. Tunnicliffe, it would appear that pseudaconitine is slightly 
more toxic than aconitine. 


Salts of Pseudaconitine. 


Pseudaconitine hydrochloride, C,,H,,NO,.,HCl.—We have not suc- 
ceeded in obtaining this salt in a crystalline condition. It has been 
prepared by the direct action of dilute hydrochloric acid on both aqueous 
and alcoholic solutions of the base, but all attempts to crystallise it 
from water, alcohol, or a mixture of alcohol and ether have resulted 
in the production of a colourless varnish. 

Pseudaconitine hydrobromide, C.g,H,.NO,.,HBr.—This salt is pre- 
pared by dissolving the base in dilute hydrobromic acid and evapo- 
rating the solution. A colourless varnish remains, and on adding 4 
little alcohol to this, the mass rapidly becomes crystalline. It is best 
purified by dissolving it in dry alcohol and adding dry ether until 4 
slight turbidity is produced; it then separates in large, cubical crystals 
often arranged in rosettes. The salt readily dissolves in alcohol and 
water, but is insoluble in ether and light petroleum. The crystals con 
tain 2H,O, which are expelled on drying at 100—103°. The dried 
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substance melts at 191°. The water of crystallisation was estimated 
by heating at 100—103° in an air bath. 


0546 lost 0°0263=4°8 per cent. H,O. 


Determinations of the bromine in the undried and in the dried 
substance gave the following figures. 


0°3379 undried salt gave 00751 AgBr. Br=9-44. 
05197 dried salt gave 0:1227 AgBr. Br=10-05. 
C,,H,).NO,,.,HBr + 2H,0 requires H,O=4:5. Br=9-95 per cent. 
C,H, ,NO,.,HBr requires Br = 10°3 per cent. 
An aqueous solution of the salt is levorotatory ; the determination 
of the specific rotatory power led to the following result 


a[15°}|= — 15'6 7=2 dm c = 0°6635, 
100 x** 


2x06635~ 19 % 


whence [a])= — 

Pseudaconitine, therefore, resembles aconitine in being 2 dextro- 
rotatory base whose salts are levorotatory. 

Pseudaconitine hydriodide, C.,H,,NO,.,HI.—This salt is precipi- 
tated in an amorphous condition when aqueous potassium iodide is added 
to an aqueous solution of pseudaconitine hydrobromide. Although at 
first amorphous, the precipitate rapidly becomes crystalline ; it may 
readily be purified by recrystallisation from a mixture of alcohol and 
ether. 

Pseudaconitine nitrate, C,,H,.NO,.,HNO,.—This salt was prepared 
by Wright and Luff (/oc. cit.) by dissolving the base in dilute nitric acid 
and precipitating the nitrate by adding strong nitric acid, in which it 
is only sparingly soluble ; this method, however, is not to be recom- 
mended, as strong nitric acid is very apt to decompose thealkaloid. By 
dissolving the alkaloid in dilute nitric acid to exact neutrality, and 
evaporating to dryness, the nitrate is obtained as an amorphous varnish, 
which crystallises at once on the addition of alcohol ; it is readily puri- 
fied by crystallisation from a mixture of alcohol and ether, and when 
pure may be crystallised from water. The dried salt melts at 192° and 
effervesces ata slightly higher temperature ; the melting point is fairly 
sharp if the substance is put into the bath at 155° and slowly heated. 
The water of crystallisation was determined by heating the powdered, 
air-dried salt at 100—105°. 


01975 lost 0-014 H,O. H,O=7°0 per cent. 
C,,H,,NO,., HNO, + 3H,O requires H,O = 6°7 per cent. 


Its solubility in water at 15° was determined. 5 c.c, of a solution 
saturated at this temperature yielded, on evaporation, 0°209 gram. of 
salt, 100 c.c. of water at 15°, therefore, dissolves 4°18 grams of salt. 
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Hydrolysis of Pseudaconitine. 


We have previously pointed out (loc. cit.) that, in addition to the 
pseudaconine and veratric acid, observed by Wright and Luff, acetic 
acid is formed by the hydrolysis of pseudaconitine, and we have also 
shown that the hydrolysis may occur in two stages. To determine the 
first stage only in the hydrolysis, namely, the elimination of acetic 
acid with the formation of veratrylpseudaconine, it is best to employ 
a process similar to that which was found to answer in the case of 
aconitine. A neutral aqueous solution of a pseudaconitine salt, pre- 
ferably the sulphate, is heated in a sealed tube at 135° for 3 hours, the 
amount of acetic acid formed is determined by direct titration with 
N/10 alkali, and the alkaloid, after being liberated by the addition of 
sodium carbonate, is dissolved by shaking with ether. 

A solution containing 0°168 gram of alkaloid (as salt), after this 
treatment, required for neutralisation 4°3 c.c. of N/10 alkali=7°5 per 
cent. of acetic acid, which is slightly lower than that calculated for 
one molecular proportion, namely, 8°7 per cent. 

Analysis of the silver salt of this acid showed that it contained 
64°56 per cent. of silver. Silver acetate contains 64°66 per cent. The 
formation of veratrylpseudaconine may thus be represented by the 


following equations. 
C,,H,NO, + H,O = C,,H,NO,, + CH,°COOH. 


Pseudaconitine Veratrylpseudaconine 


Veratrylpseudaconine. 


The pure base crystallises from ether in large, irregular crystals, 
which are nearly insoluble in water and in light petroleum, but readily 
soluble in ether, alcohol, and chloroform. They melt at 199° when put 
into the bath at 150°. A solution of the base is levorotatory. A de 
termination of the specific rotatory power in alcoholic solution led to 
the following results. 


t= 16", a=-1°16 c=1:5035 t=2°2 dm, 
100 x 1-267 “ae 
| whence [a]p= 2x 15035 = ~ 38°18 
Veratrylpseudaconine, therefore, unlike its analogue benzaconine, 
exhibits rotatory power of the opposite sign to that of its parent base. 
Aconitine and benzaconine are both dextrorotatory, whilst pseud- 
aconitine is dextrorotatory and veratrylpseudaconine levorotatory. 
Combustions of the base, dried at 100—103°, furnished the following 
results, showing it to be a monhydrate. 


I, Carbon 61:44; hydrogen 7°15 per cent. 


it. ” 61°01 > ” 7-05 ” sy 
Calculated for C,,H,,NO,,,H,O: Carbon 61°54 ; hydrogen 7°39 per cent. 
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This alkaloid and its salts have a very bitter taste, but produce no 
tingling sensation, and do not appear to be poisonous. 

Veratrylpseudaconine Hydrobromide, C,,H,NO,,,HBr.—This salt 
separates from a mixture of alcohol and ether in large, prismatic crystals 
which contain 3H,0O. 


03478 salt lost 0°0264 H,O at 100°. H,O=7°5. 
03478 ,, gave 00842 AgBr. Br=11°21. 
C,,H,,NO,,,HBr + 3H,O requires H,O= 6°95 ; Br=11-02 per cent. 


The salt is soluble in water, alcohol, and chloroform. 

Veratrylpseudaconine nitrate, C,,H,,NO,,,HNO,, crystallises from a 
mixture of alcohol and ether in rhombic prisms arranged in rosettes. 
In melting, two fairly sharp points may be noticed, one at 222°, 
when softening and change commences, and at 232°, when the salt 
melts sharply with decomposition. Combustion of the anhydrous 
salt gave C=57'34; H=6:°40 per cent. : C,,H,,NO,,,HNO, requires 
C=57°62; H=6-77 per cent. 

Veratrylpseudaconine aurichloride, C,,H,,NO,,,HAuCl,, is thrown 
down as a pale yellow, amorphous precipitate when auric chloride is 
added to a solution of the hydrochloride. It is insoluble in water, 
ether, and light petroleum, but readily soluble in ethylic and methylic 
alcohols, chloroform, and acetone ; it could not be crystallised from 


any of the last-mentioned solvents alone, or on the addition of any of 
the former to them. 


Pseudaconine. 


The second stage of the hydrolysis by which veratrylpseudaconine 
passes into veratric acid and psendaconine, may be best effected by 
adding alcoholic soda to an alcoholic solution of pseudaconitine, or 
veratrylpseudaconine. Hydrolysis takes place rapidly, and is complete 
in about 2 hours. Dilute sulphuric acid is then added, the filtrate 
evaporated, the veratric acid extracted from the acidified solution 
by ether, and the pseudaconine by chloroform, after rendering the 
solution alkaline with ammonia. 

02143 gram of alkaloid gave 0°0556 gram of veratric acid = 25°94 
per cent. Calculated for one molecular proportion, 26°49 per cent. 

The acid melts at 178° and exhibits the other properties of di-methyl- 
protocatechuic acid (veratric acid). This stage of the hydrolysis may 
therefore, be represented by the equation, 

0,,H,,NO,, + H,O = C,H,(OCH;),-COOH + C,,H,,NQ, 
Veratrylpseudacenine Veratric acid Pseudaconine. 

Pseudaconine is an amorphous, hygroscopic base readily soluble in 
water, chloroform, alcohol, and acetone, and less readily in ether. Its 
aqueous solution is strongly alkaline to litmus. All attempts to 
erystallise the base uncombined with its solvent have been unsuccessful. 
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An aqueous solution of pseudaconine is dextrorotatory. The specific 
rotatory power of an aqueous solution was determined with the follow- 


ing results. 
a[20°] = +32°5 c= 0°896 t=2 dm, 
_ 100 x 0°541 | ° @ 
whence [9 -—>G-806 = +30° 6’. 

Pseudaconine hydrochloride, C,;H,,NO,,HCl, was prepared by dissolving 
the base in dilute hydrochloric acid to neutrality. Many attempts made 
to crystallise this salt from various solvents were unsuccessful, although, 
on one occasion, crystals were obtained from an alcoholic solution 
which had stood for six months ; these were prisms and melted at 68°. 

Pseudaconine hydrobromide, C,;H,,NO,,HBr, was prepared in the 
same manner as the hydrochloride, but it could not be crystallised. 

Pseudaconine nitrate, C.,H,,NO,,HNO,, was prepared by the direct 
action of dilute nitric acid on the base, and also by double decomposi- 
tion between silver nitrate and the hydrochloride, and barium nitrate 
and the sulphate. It was always obtained in an amorphous state. 

Pseudaconine sulphate, (C,H, .NO,).,H,SO,, was prepared by acting 
on pseudaconine with dilute sulphuric acid, but this salt could not be 
crystallised. 

Pseudaconine aurichloride, C,;H3,NO,,HAuCL,, is precipitated when 
auric chloride is added to a concentrated solution of pseudaconine 
hydrochloride. It is a yellow, amorphous precipitate sparingly soluble 
in water, and could not be crystallised from any of its solutions. 
When light petroleum is used, the yellow colour of the solution is dis- 
charged and it becomes colourless, although no gold is precipitated. 
This change, in other cases, has been observed to be due to the produc- 
tion of an aurichlor-derivative by loss of hydrogen chloride from the 
aurichloride. We have so far failed to crystallise an aurichlorpseud- 
aconine from this solution. 


di fame 


Pyropse 

As previously recorded by us, when pseudaconitine is heated slightly 
above its melting point, it effervesces and loses acetic acid. A deter- 
mination of the amount of acetic acid which distils under these 
circumstances, proved that one molecular proportion of acetic acid is 
expelled ; analysis of the silver salt of the acid proved it to be silver 
acetate. The reaction may therefore be represented by the following 


equation. 
CygH NO. = C,H,O, + C,,H,,NO,, 


Pseudaconitine Pyropseudaconitine 


Pyropseudaconitine, an anhydride of veratrylpseudaconine, is obtained 
from the residue by solution in dilute acid, and is purified by fractional 
precipitation from this solution with dilute ammonia. The colourless 
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fractions are dissolved in dilute acid, precipitated with ammonia, and 
the pure base extracted from the alkaline solution by ether. The base 
so far has only been obtained as an amorphous varnish, nearly insoluble 
in water, but readily soluble in alcohol, chloroform, and ether. Its salts 
appear to crystallise well ; they have a bitter taste, but produce no 
tingling, and do not seem to be poisonous. The hydriodide crystallises 
in prisms. 


Although, in publishing our preliminary notice of pseudaconitine we 
stated that we were engaged in a complete investigation of the alkaloid, 
this did not prevent Herr Martin Freund from examining the alkaloid, 
and, nine months after the appearance of our paper in the Proceedings 
of this Society, publishing in the “Berichte” (Ber., 29, 6, 852) an account 
of his and Herr Niederhoffheim’s experiments on the subject. They 
adopt Wright’s formula for the alkaloid, and confirm our conclusion 
that pseudaconitine, like aconitine, contains an acetyl group. For the 
rest, they record melting points which differ somewhat from those pre- 
viously recorded by us, but since these points are in most cases decom- 
posing points, and depend on the conditions under which the observations 
are made, no real importance attaches to these discrepancies. 

As to their assertion that pseudaconine is the anhydride of the aconine 
derived from aconitine, it is to be observed that this statement is based 
solely on the numerical coincidence that the formula for pseud- 
aconine deduced from Wright's formula for pseudaconitine, namely, 
C,;H,.NO,, differs by one molecule of water from the formula which 
Freund has suggested for aconine (C,,H,,NO,). But, as we have else- 
where pointed out, Freund’s new formule for aconitine and its deriva- 
tives cannot at present be accepted as proved, and we have so far 
seen no reason to depart from a formula for aconitine, differing very 
slightly from that originally suggested by Wright, which does not allow 
of pseudaconine (C,,H,,NO,) being regarded as the anhydride of 
aconine (C,,H,,NO,,). As a matter of fact, we have already described 
an anhydride of aconine (pyraconine), whose properties are very different 
from those of pseudaconine. 

‘We have pleasure in acknowledging the skilful help afforded us in 
the early stages of this work, in the Research Laboratory of the Phar- 
maceutical Society, by Mr. H. T. Durant. 
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XXXVII.—The Viscosity of Mixtures of Miscible Inquids. 


By Taos. Epwarp Tuorpee, LL.D., F.R.S., and Jas. WyLure Ropcer, 
Assoc. R.C.S. 


Ir rarely happens that the properties of a mixture of liquids are 
identical with those which the mixture should possess on the assump- 
tion that each constituent exercises an influence proportional to its 
amount. The volumetric and thermal changes accompanying the 
admixture of certain liquids not known to exert chemical action on 
each other, can only be explained on the supposition that there are 
forces of attraction between the molecules in the mixture which 
disturb the equilibrium previously existing. It may be that the effect 
of solution in such cases is to break down, to a greater or less extent, 
the complex molecular aggregates of which certain liquids appear, 
especially from surface-energy and viscosity observations, to be com- 
posed ; solution under these circumstances has much the same effect 
as heat. In other cases, it may lead to the formation of aggregates of 
the same or of dissimilar molecules. Aggregates of the latter kind would 
not necessarily be chemical compounds in the ordinary sense, any more 
than those of the former kind. Still, it must be confessed, the differences 
between such physical aggregates and chemical compounds are rather 
of degree than of kind. 

Poiseuille (Mem. de l’Inst. de Paris, 1846, 9, 433) was one of the 
earliest to attempt to use the property of viscosity as a measure of 
the play of internal forces between heterogeneous molecules in a 
liquid in the special case of mixtures of ethyl alcohol and water. 
He concluded that the maximum time of flow was shown by the mix- 
ture which manifested the maximum degree of contraction, and that 
both phenomena were connected with the formation of the hydrate 
C,H,0,3H,O. The same conclusion was arrived at by Graham (Phil. 
Trans., 1861, 373) who found that similar, although, as a rule, less pre- 
cise, relationships might be detected in mixtures of water with the 
ordinary mineral acids—-nitric, sulphuric, and hydrochloric—or with 
certain fatty acids—formic, acetic, butyric, and valeric. 

The work hitherto published is insufficient, both in extent and pre- 
cision, to admit of a final judgment. It must be admitted that 
Graham’s contention, that definite hydrates of these alcohols and acids 
may be recognised by viscosity observations, is not wholly established. 
The work of Noack on mixtures of ethyl alcohol and water, and that 
of Wijkander on mixtures of acetic acid and water, would seem to 
indicate that the phenomena of maximum contraction and maximum 
viscosity, if not independent, are at least not directly related to the 


THE VISCOSITY OF MIXTURES OF MISCIBLE LIQUIDS. 361 


existence of definite hydrates in the liquids. (c.f. Sprung, Ann. Phys. 
Chem.,1876,159, 1; Traube, Ber., 1886,19, 871; Arrhenius, P.M, 1889, 
[v], 28, 39; D’Arcy, P.I., 1889, [v], 28, 221.) <A significant fact 
connected with the instances of the kind here referred to, is that they are 
all cases of the admixture of liquids containing molecular aggregates, 
but in what manner this circumstance is associated with the maxima 
of contraction and viscosity remains to be shown. 

Wijkander (Lunds. Phys. Salisk. Jubelskrift, 1878) has also measured 
the viscosity at various temperatures of mixtures of aniline and benzene, 
ether and chloroform, ether and carbon disulphide, ether and alcohol, 
and benzene andalcohol, Our knowledge of this paper is derived from 
the abstract in Beibl, 1879, 3, 8, from which it would appear that in 
no case was the viscosity identical with that caleulated by the admixture 
rule; in general, the observed viscosity was less than the calculated 
value. In the case of mixtures of ether with chloroform, and of ether 
with carbon disulphide, there were inflexion-points in the curves ; but 
no simple relation between the viscosity co-efficients of a mixture and 
those of its constituents could be deduced. 

C. E. Linebarger (Amer. J. Sci., 1896, [iv], 11, 331) has recently 
published a number of observations, made at the uniform tempera- 
ture of 25°, on mixtures of pairs of chemically indifferent and miscible 
liquids, which in the main corroborate Wijkander’s results. The 
observed viscosities in general are less than those calculated by the 
mixture-rule, except, possibly, in the case of mixtures of benzene and 
chloroform, and mixtures of carbon disulphide with benzene, toluene, 
ether, and acetic ether, where possibly the temperature of observation 
(25°) was too near the boiling point of the carbon disulphide to make any 
specific influence which that liquid might exert at lower temperatures | 
perceptible. Asarule, the greater the difference between the viscosities 
of the pure liquids, the greater was the difference between the calculated 
and the observed values of the mixtures. 

In previous communications (Phil. Trans., 1894, 185, A. 379; Phil. 
Trans., 1897, 189, A. 71) we have given the results of the measurement 
of the viscosity of a considerable number of pure liquids at various 
temperatures between 0° (except when the substances were solid at that 
temperature) and their ordinary boiling points. In the present paper, 
we communicate the results of some observations made with the view 
of throwing further light on the relation of the viscosity of a mixture 
of two chemically indifferent and miscible liquids to the viscosity of 
its constituents. A sufficiently exact and sufficiently extensive study 
of this question would afford answers to many questions of interest. 
For example, it would enable us to say whether the viscosity was 
related to the number of molecules per unit-volume or per unit-surface, 
and hence it would throw light upon the question of how viscosity 
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observations, and indeed all observations which depend on surface 
effect, should be treated. It would also enable us to determine 
whether, in the case of a mixture of a simple and a complex liquid, the 
values of the viscosity gave any indication of the decomposition of 
molecular aggregates, and how such decomposition was related to 
dilution and temperature ; whether, in fact, the effect of adding a 
chemically indifferent liquid to a complex one was the same as raising 
the temperature. For such purposes, it would no doubt be generally 
convenient to select mutually soluble and chemically indifferent liquids 
of approximately the same boiling point, but of densities and viscosities 
as widely different as possible. Our previous work enables us to form 
a considerable number of pairs of such liquids. 

On the present occasion, we desire to communicate the results ob- 
tained from observations of several series of mixtures of carbon tetra- 
chloride and benzene, methyl iodide and carbon disulphide, and ether 
and chloroform, the last pair of which we studied on account of the 
relatively considerable evolution of heat which accompanies the admix- 
ture of these liquids. The method of observation was the same as that 
previously employed, and the apparatus was identical with that described 
in our first paper (Phil. Trans., 1894, 185, p. 410, et seq.). 


A.—Carbon Tetrachloride and Benzene. 


The carbon tetrachloride used in making the mixtures was obtained by 
repeated fractionation from a large quantity of the commercially pure 
liquid which had been well washed with potash solution, and dried over 
phosphoric oxide. It boiled constantly at 76°62° (corr.) The benzene 
was free from thiophen. After digestion with sodium wire, it boiled 
constantly at 79°98° (corr.) and froze at 5°53°. 

Three mixtures of these liquids were made, having respectively the 
following percentage composition : 

Carbon tetrachloride. Benzene. 
22°37 
43°79 
67°71 


The densities of the pure liquids and of the mixtures at 0°/0° were— 


Carbon tetrachloride 
Mixture I 


Benzene 


Their densities at higher temperatures are calculated from their 
thermal expansions, as determined by the dilatometric method described 


THE VISCOSITY OF MIXTURES OF MISCIBLE LIQUIDS. 363 
by one of us in 1893 (Trans., 63, 262). The following table shows 
the relative volumes of the mixtures at intervals of 10°. The values 
for carbon tetrachloride are those found by one of us in 1880 (Trans., 
37, 200) ; those for benzene are the mean of the concordant observa- 
tions of Kopp, Luginin, and Adrienz. 


Carbon 
tetra- Mixt. Mixt. Mixt. 


Temp. chloride. I. II. III. Benzene. 
0° 10000 10000 10000 10000 10000 


10 121 121 121 119 118 
20 245 245 245 243 240 
30 372 373 372 368 364 
40 502 503 505 500 495 
50 637 638 640 635 630 
60 778 778 779 774 770 
70 924 924 923 919 916 


It is evident that in no case does the volume of a mixture differ very 
much from the value calculated by the admixture rule from the volumes 
of the constituents at the same temperature. The following table 
shows the densities at 0°, 20°, 40°, and 60° of the mixtures, calculated 
from the densities at 0°, and the volumes at the respective temperatures, 
as given above. These are compared with the values of the densities 
of the mixtures, calculated from the known densities and thermal ex- 
pansions of carbon tetrachloride and benzene, on the assumption that 
no change in volume occurs on admixture. 

Temp. Mixt. I. Mixt, II. Mixt. III. 


0° Obs. 1:3816 12042 10530 
Cale. 1°3809 1:2035 10525 


20° Obs. 1:3486 1:1754 10280 
Cale. 13481 1:1750 1:0278 


40° Obs. 1°3154 1°1463 1:0029 
Cale. 1°3151 1°1464 1:0027 


60° Obs. 12819 11172 09774 
Cale. 1°2815 1:1171 09771 


The observations would appear to show that a very slight contraction 
occurs on mixing carbon tetrachloride and benzene, as already found by 
F. D. Brown (Trans., 1881, 39, 207), who concluded that the maximum 
contraction occurred in the case of a mixture containing about 40 per 
cent. of the tetrachloride. 

The following table shows the values of the viscosities of the various 


mixtures at different temperatures : 
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Mixture I. Mixture II. Mixture III. 
Temp. n Temp. Temp. n. 


3 n- 
0°66° 0:01184 0°41° 0:01080 0°55° 0:00984 
10°59 0:00990 10:24 0°00905 10:06 § 0°00831 
21:26 0°00833 20°58  0:00770 21:10 0:00696 
31:41 0°00719 30°79 0°00663 31:70 0°00598 
41°32 0°00630 40°85 0°00577 39°93 0°00536 
51°62 0:00555 52°30 0:00499 52°07 0:00462 
62°38 0°00491 64:05 0:00437 63°15 0°00407 
73°33 0°00398 73°61 0:00365 


The following table shows the viscosity of the several mixtures at 
intervals of 10° between 0° and 70°, taken from the curves representing 
the foregoing observations : 


Mixt. I. Mixt. IT. Mixt. III. 
0°01196 0:01088 0°00994 
0°01000 ~ 0:00908 0:00832 
0°00850 000776 0:00707 
0:00734 0:00671 0°00612 
0°00641 0:00583 0:00536 
0°00566 0°00513 0:00473 
0:00503 0°00456 0°00422 

0:00411 0°00379 


The following table gives, for 0° and for 60°, the observed value of 
the viseosity in the case of the three mixtures, and the values calculated 
on the assumption that, if the mixture contains m grams of liquid « 
and ” grams of liquid }, the viscosity of the mixture is 

(mong + nm)/(m-+n). 


Temp. Mixt. I. Mixt. II. Mixt. II]. 
0° Obs. 0°01196 0:01088 0:00994 
Cale. 0°01247 0°01152 0°01046 


Obs. 0:00503 0°00456 0:00422 


60° 
Cale, 0°00540 0:00499 0°00453 


It will be seen that at both temperatures the observed values are 
less than the calculated values by about 6 per cent. The admixture 
rule, therefore, does not apply. 

Linebarger (oc. cit.) has measured the viscosity of three mixtures of 
carbon tetrachloride and benzene at the temperature of 25°, and, 
although our results confirm his conclusion that the actual viscosities 
of such mixtures are lower than those calculated from the admixture 
rule, the values obtained by us differ to some extent from those given 
in his memoir. On plotting our numbers showing the relation between 
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viscosity and composition at the different temperatures, we find, for 
mixtures of the composition of those made use of by Linebarger, the 
following viscosity values, which, it will be seen, are uniformly higher 
than those obtained by him. 


C,H. CC), Linebarger. T. and R. 
13°73 86°27 0:00808 000821 
40°78 59°22 0:00706 0:00729 
58°60 41-40 0:00660 0-00680 


The difference is mainly due to the circumstance that the viscosity 
coefficient for carbon tetrachloride at 25° found by Linebarger is 
notably less than that indicated by our observations. Thus, for carbon 
tetrachloride at 25°, we found 0:00901; Linebarger, 000883. For 
benzene at 25°, we found 0°005998 ; Linebarger, 0°00599. 

The foregoing results, expressed in terms of the composition of the 
mixtures as abscisse and viscosity-coefficients as ordinates, are graphi- 
cally represented in Fig. 1 (p. 366). The straight dotted lines show 
the calculated viscosity values, as given by the mixture-rule. . 

It will be seen that the actual viscosities of the mixturés are uni- 
formly lower than those calculated on the supposition that each con- 
stituent exerts an influence proportional to its amount. The greatest 
difference from the calculated value occurs in a solution containing 
from 35 to 40 per cent. of benzene, or, in other words, in a mixture of 
about equal molecules of the two constituents. At 0°, the maximum 
difference between the observed and calculated values is equivalent to 
a rise of temperature of about 3°7°; at 60°, the maximum difference is 
equivalent to a rise of 6°6°. In other respects, there is nothing ab- 
normal in the course of the curves. 

We may assume that, if a mixture has been formed from p c.c. of 
liquid a and gc.c. of liquid 6, the time of flow of the volume of the 
mixture produced will be the sum of the times of flow of pe.c. of liquid 
aand g cc. of liquid 6. On this assumption, if m grams of liquid a, 
having a density pg be mixed with m grams of liquid 6, having a density 
p> to form m+n grams of a mixture having a density pm, then 
m = Na + nN Nb 

tPa Pb 

(m+n) 


m n M+n 
— +—%=—— ym and consequently 7m= 
Pa Pb Pm 


As this rule would, in all probability, be most closely obeyed by a 
mixture produced without contraction or expansion, the case before us 
affords a good means of testing its validity, since, as already shown, 
carbon tetrachloride and benzene mix with very little alteration in 
volume. The results obtained at 0°, 10°, 20°, 40° and 60° are given in 
the following table : 


THORPE AND RODGER: | 


Fic. 1.—CoEFFICIENTS OF VISCOSITY. 
Mixtures of Benzene and Carbon Tetrachloride. 
Dynes per Sq. Centim. 


30 40 «6500 «6070 
Percentage of CH, 
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Mixture 0° 10° 20° 40° 60° 
I Obs. 0°01196 0:01000 0:00850 0:00641 0°00503 
Cale. 0°01195 0:01005 0:00860 0:00654 0°00517 


Obs. 0°01088 0:00908 0:00776 0:00583 0:00456 


‘s Cale. 0°01087 0°00914 000782 0°00594 0:00470 


Obs. 0°00994 0°00832 0:00707 0:00536 0°00422 


wa Cale. 0°00995 0:00837 0:00716 0°00543 0:00431 


It will be seen that there is a close agreement between the observed 
and calculated values at the lower temperatures, but that, as the tem- 
perature increases, the difference becomes slightly larger ; that is, the 
mixtures are less viscous than they should be if calculated from the re- 
lative amount of their constituents. This may be connected with 
differences of molecular complexity due to the solution of the benzene. 
We have already stated (Joc. cit., p. 561) that the curve showing the re- 
lation of the viscosity of benzene to temperature is, as compared with 
those of its homologues, toluene, ethylbenzene and para- and meta-xylenes, 
altogether abnormal, At 0°, benzene has actually a greater viscosity than 
any of these hydrocarbons, and it is only at the respective boiling points 
that the viscosity-constants follow the order of the gaseous molecular 
weights, 


B.—Methyl Todide and Carbon Disulphide. 


The methyl iodide used was made from pure methyl alcohol. About 
a litre of the product was shaken with mercury, allowed to stand 
for a couple of days over phosphoric oxide, and distilled. It boiled 
constantly at 42°44° (corr.). The carbon disulphide was rectified, placed 
over anhydrous copper sulphate for a week, decanted, shaken with pow- 
dered potassium permanganate, filtered, and thereafter shaken with 
mercury. It was then mixed with an equal volume of olive oil, and 
after standing for a day, was distilled from a water bath and placed 
over phosphoric oxide for a week. It boiled constantly at 46°27° 
(corr.). 
Five mixtures of the two liquids were made of the following per- 
centage composition : 
Mixt. I. Mixt. II. Mixt. III. Mixt. IV. Mixt. V. 
Methyl iodide 78°40 61°19 51°89 31°19 17°61 
Carbon disulphide 21°60 38°81 48°11 68°81 82°39 


The densities of the pure liquids and of the mixtures at 0°/0° were 
found to be— 


CH,I. Mixt. I. Mixt. II. Mixt. III. Mixt.1V. Mixt. V. CS,. 
2°3335 1:9842 17720 16782 14982 1:3994 1:292 
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The thermal expansions of three of the mixtures were found to be as 
follows : 


Temp. CH,I. Mixt. I. Mixt. III. Mixt. V. CS.. 
0° 10000 10000 10900 10000 10000 
10 118 120 122 116 116 
20 243 244 244 236 236 
30 372 373 370 358 360 
40 505 506 500 485 489 


Dobriner’s value for methyl iodide (Annalen, 1888, 243, 30) and 
the values for carbon disulphide published by one of us in 1880 (oc. cit.) 
are introduced for the sake of comparison. The numbers show that 
the volumes of the mixtures differ but little from those of the pure 
liquids at the corresponding temperatures, and that in the case of the 
Mixtures IT and IV the volume may be taken without sensible error in 
the reduction of the viscosity observations as intermediate between 
those of I and III, and III and V respectively. 

The following table gives the comparison, at 0°, 20°, and 40°, of the 
densities, deduced by means of the preceding data, with those calculated 
on the assumption that no change in volume occurs on admixture : 


Temp. Mixt. I. Mixt. 1]. Mixt. II. Mixt.1V. Mixt. V. 
0° Obs. 1°9842 1-7720 16782 1°4982 1°3994 
Cale. 1°9878 1:7780 1°6821 15017 1:4030 


90° Obs. 1°9369 1°7298 1:6382 14631 1°3671 
Cale. 1°9411 1°7365 16428 1:4669 1-3705 
Obs. 1°8886 16871 15983 1:4279 1°3347 


40° 
Cals. 1°8932 16939 16021 1:4312 1:3378 


It will be seen in this case that the calculated values are uniformly 
greater than those actually observed, or, in other words, expansion occurs 
on mixing methyl iodide and carbon disulphide. 

The following table contains the mean values of the viscosity co- 
efficients of the mixtures : 


Mixt. I. Mixt. IT. Mixt. III. 
Temp. n Temp. n Temp. n 
0°38° 0:005164 041° 0:004807 - 034° 0004680 
10°02 0°004727 8°87 0:004475 9°66 0004357 
20°85 0:004303 17°74 0:004171 21°57 0-003984 
30°01 0°003994 25°70 0:003926 30°56 0-003729 
39°01 0°003723 33°48 0:003714 39°38 0-003512 
39°30 0:003559 
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Mixt. V. 


” 
0:004358 
0:004037 
0°003752 
0:003494 
0:003268 


Mixt. IV. 


n 
0:004478 
0:004131 
0°003825 
0:003566 
0:003341 


Temp. 
0°50° 
9°90 

19°47 

29°09 
38°47 


Temp. 
0°42° 
10°02 
19°98 
30°00 
39°97 


The values at intervals of 10°, as read from the curves obtained by 
plotting these numbers, are given below : 


Mixt. V. 
0°00438 
0°00403 
0°00373 
0°00347 
0°00323 


Mixt. IV. 
0°00449 
0°00413 
0°00382 
0°00357 
0°00334 


Mixt. III. 
0°00469 
0°00435 
0°00403 
0°00374 
0°00350 


Mixt. II. 
0°00482 
0°00443 
0°00410 
0°00380 
0°00354 


Mixt. I. 
0°00518 
0°00473 
0°00433 
0°00399 
0°00369 


The values at 0° and 40°, calculated by the ordinary admixture rule, 
are given in the following table. 


Mixt. II. Mixt. V. 


Temp. Mixt. I. Mixt. III. Mixt. IV. 


0:00518 
0:00558 


Obs.  0°00369 
Cale. 0°00389 


Obs. 


0° 
Cale. 


40° 


0°00482 
0:00530 


0:00354 
0:00374 


0°00469 
0°00515 


0°00350 
0°00365 


0:00449 
0:00480 


0:00334 
0:00347 


0°00438 
0:00458 


0:00323 
0:00334 


It will be observed in this case, as in that of the mixture of carbon 
tetrachloride and benzene, that the admixture rule does not apply ; 
the viscosity-coefficients are uniformly lower than the calculated values, 
the differences between the observed and calculated values becoming 
less as the temperature increases. These results are graphically repre- 
sented in Fig. 2 (p. 370). 

The maximum difference between the observed and calculated values 
occurs in a mixture containing about 40 per cent. of carbon disulphide, 
that is, in a mixture of about equal molecular proportions of the two 
liquids. 

The maximum variation between the observed and calculated values 
at 0° is equivalent to arise of about 10° in temperature ; at 40°, the 
difference is equivalent to a rise of about 7°. 

In the following table is given, for temperatures of 0°, 20°, and 
40°, the comparison of the observed viscosities with the values calcu- 
lated on the assumption that the time of flow of a given volume of a 
pure liquid is retained when that volume of it is present in a mixture. 


Mixt. IV. Mixt. V. 
0:00449 0:00438 
000461 0:00445 


Mixt, III. 
0°00469 
0:00489 


Mixt. II. 
0:00482 
0°00504 


Mixt. I. 
0°00518 
0:00538 


Temp. 
0° Obs. 


Calc. 
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Temp. Mixt. I. Mixt. II. Mixt. III. Mixt. IV. Mixt. V. 
930° Obs. 0°00433 0:00410 0°00403 0°00382 0:00373 
Cale. 0°00446 0:00421 000411  0:00389 0°00379 


Obs. 0:00369 0:00354  0°:00350  0:00334  0:00323 


40° 
Cale. 0:00378  0:00359 0:00351  0:00336  0°00327 


The observed viscosity-coefficients are uniformly lower than the 
calculated values, although the differences become less and less as the 


Fic. 2.—CoEFFICIENTS OF VISCOSITY. 
Mixtures of Methyl Iodide and Carbon Disulphide. 
Dynes per Sq. Centim. 


=~ 4 


—— 


™ 
<4 


Percentage of CS. 


temperature is raised—exactly the opposite to that which obtains in 
the case of a mixture of carbon tetrachloride and benzene. This cir- 
cumstance. is probably connected with the slight expansion which 
occurs on mixing methyl! iodide and carbon disulphide. 


C.—Ether and Chloroform. 


About a litre of ‘pure’ ether was shaken with a strong solution of acid 
sodium sulphite, decanted, mixed with 10 per cent. potash solution, 
separated, washed with water, and treated three times in succession 
with dehydrated calcium chloride. 

After repeated treatment with phosphoric oxide, it boiled between 
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34:83° and 34°89°. Bar., 767°9 mm. Corr. and reduced b. p., 34°57°. 
The number given in our previous paper is 34°48°. 

For the chloroform, we are indebted to Mr. David Howard. After 
standing over phosphoric oxide for a fortnight, it was found to distil 
completely between 61°46° and 61°63°. Bar.,770°5 mm. The corr. 
and reduced b. p. = 61°34°. 

Four mixtures of these liquids were employed. They had the 
following percentage composition : 


Mixt. I. Mixt. II. Mixt, III. Mixt. IV. 
84:06 59°86 40°20 20°70 
40°14 59°80 79°30 


The densities of the pure liquids and of the mixtures at 0°, and the 
values calculated by the admixture rule, are given in the following 
table : 

CHCl,  Mixt. I.  Mixt. IJ. Mixt. III. Mixt. IV. 0,H,,0. 
Obs. 15255 1°3136 1:0801 0°9389 0°8292 0°7362 
Cale. 1-3029 1:0666 0°9295 0°8245 


The comparison shows that a notable contraction occurs when ether 
and chloroform are mixed. The observed densities are found to lie on 
a smooth curve showing no inflexion-points. There is, as already 


pointed out by Bussy and Buignet, a considerable rise of temperature 
on mixing ether and chloroform. 

Since the experiments with the other liquids showed that where the 
difference between the coefficients of thermal expansion of the con- 
stituents is small, the coefficients of the mixtures may be calculated 
with sufficient accuracy by the admixture rule, it was deemed unneces- 
sary for so small a range of temperature to make observations on the 
thermal expansion of the mixtures. 

The mean values of the viscosity-coefficients of the several mixtures, 
as observed, are given in the following table: 


Mixture I. Mixture II. Mixture III. 
Temp. Temp. Temp. 


n n n 
043° 0°:006744 0°36° 0:005590 0°45° 0:004371 
9°38 0°005995 9°33 0:004934 9°83 0°003894 
20°60 0°005243 19°66 0004318 19°86 0003463 
29°93 0°004724 29°35 0:003848 29°77 0:003106 


31°47 0°003060 


Mixture IV. 
Temp. 


n 
0°45° 0:003483 
11°71 0:003069 
20°64 0°002796 
28°92 0°002572 
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The last observation in the case of Mixture III was made 70 minutes 
after the one previously taken. The fact that the value of y obtained 
at 31:47° lies on the curve obtained by plotting the other observations 
proves that the composition of the mixture suffers no sensible alteration 
on standing even for more than an hour at the highest temperature at 
which measurements were made. 

The values of » at 0°, 10°, 20°, and 30°, read from the curves obtained 
on plotting the above numbers, are given below. 


Temp. Mixt. I. Mixt. II. Mixt. III. Mixt. IV. 

0° 0:00678 0:00562 0:00440 0:00350 
10 0:00595 0:00489 0:00388 0°00312 
20 0:00528 000430 0:00346 0°00281 
30 0:00472 0:00382 0:00310 0°00254 


The values at 0° and at 30°, compared with those calculated by the 
admixture rule, are given in the following table. 


Temp. Mixt. I. Mixt. IT. Mixt. ITI. Mixt. IV. 
0° Obs. 0:00678 0:00562 0:00440 0:00350 
Calc. 0:00634 0:00535 0:00454 0°00373 


Obs. 0°00472 0°00382 0°00310 0°00254 
Cale. 0:00463 0°00391 0°00332 000274 


These results are graphically represented in Fig. 3, where the 
abscisse of the curves are the percentage amounts of ether in the mix- 
tures, and the ordinates the viscosity-coefficients at the corresponding 
temperatures. The dotted lines show the calculated viscosity-values, 
as given by the admixture rule. It will be seen that there are points 
of inflexion in the curves of the observed values, as already found by 
Wijkander. Wijkander’s actual values, however, are not strictly 
comparable with ours on account of the character of the ether he 
employed. His viscosity-coefficients for that liquid are about 10 per 
cent. higher than ours, which were deduced from two independent 
and closely concordant series of observations made on two different 
preparations of ether (Phil. Trans., 1894, p. 518). That the differ- 
ences are not due to the method of observation is shown by the fact 
that Wijkander’s and our values for chloroform, benzene, and carbon 
disulphide are in very good accord. Ether is one of the most mobile of 
liquids, and the correction for kinetic energy may in its case become 
of considerable importance. Wijkander’s higher values may be partly 
caused by imperfect correction for kinetic energy, or by the presence 
of small quantities of ethyl alcohol in the sample employed. As 
alcohol at 0° is more than 6 times as viscous as ether, a relatively 
small amount of alcohol has a marked effect upon the viscosity of the 
ether. 


30° 
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The course of the curves is altogether different from that shown by 
the other mixtures studied by us. Instead of being uniformly lower 
than the calculated value, the observed value starts by being higher, 
but, as the amount of ether increases, the variation from the calculated 


Fig. 3,—COEFFICIENTS OF VISCOSITY. 
Mixtures of Chloroform and Ether. 
Dynes per Sq. Centim. 


30 40 
Percentage of Ether. 


amount becomes less and less until at a certain point, depending on the 

temperature, the two values become identical, after which the actual 

viscosity becomes less than the calculated value, the general course of 

the curve resembling that of the other mixtures studied. It is 
VOL. LXXI, Db 
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evident from the curves that as 35°, the boiling-point of ether under 
ordinary conditions, is approached, the mixture would resemble other 
mixtures in having a viscosity uniformly lower than the calculated 
value, or, in other words, the condition which determines the peculiar 
behaviour of the mixture is destroyed at about that temperature. 

In the following table are given for the temperatures 0°, 10°, 20°, 
and 30° the observed values of », and those calculated on the assump- 
tion that a given volume of a liquid when mixed with another liquid 
maintains the same time of flow as when unmixed. 


Temp. Mixt. J. Mixt. II. Mixt. III. Mixt. IV. 
0° Obs. 0:00678 0:00562 0:00440 0:00350 
Cale. 0:00589 0:00466 0:00393 0:00336 


Obs. 0:00595 0:00489 0:00388 0:00312 


10° 
Cale, 0:00527 0:00417 0:00352 0:00301 


Obs. 0°00528 0°00430 0:00346 0°00281 


20° 
Cale. 0°00474 0:00376 0:00318 0°00273 


Obs. 0:00472 0:00382 0:00310 0°00254 


™ Cale. 0:00430 0:00341 0:00288 0:00247 


The actual viscosity is uniformly greater than the value calculated 
on the above assumption, although the differences tend to become less 
as the temperature rises, or as the quantity of ether increases. 


The observations described in this paper afford additional evidence 
of the fact indicated by Wijkander, and supported by Linebarger, that 
the viscosity of a mixture of miscible and chemically indifferent 
liquids is rarely, if ever, under all conditions, a linear function of 
the composition. It seldom happens that a liquid in a mixture pre- 
serves the particular viscosity it possesses in the unmixed condition. 
To judge from the instances hitherto studied, the viscosity of the mix- 
ture is, as a rule, uniformly lower than the mixture rule would 
indicate, but no simple relation can yet be traced between the viscosity 
of a mixture and that of its constituents. 

In the case of a mixture of ether and chloroform, where there is 
considerable contraction, and therefore considerable development of heat, 
on mixing, the viscosity at low temperatures is greater than the admix- 
ture rule would indicate, but as the temperature is raised, or asthemixture 
giving the maximum contraction is diluted, the viscosity eventually 
>ecomes less than the calculated value, when the general course of the 
curve resembles that of such mixtures as carbon tetrachloride and ben- 
zene, or of methyl iodide and carbon disulphide. The behaviour of a 
mixture of ether and chloroform would seem, to begin with, to be 
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analogous to that of a mixture of ethyl alcohol and water, but the con- 
dition which determines the contraction and the maximum viscosity, 
whether it be a feeble chemical combination or a molecular aggregation 
of a purely physical character, is destroyed by heat or dilution. 


XXXVIIL—A New Synthesis in the Sugar Group. 
By Henry J. Horstman Fenton, M.A. 


AN account has been given in several previous communications of the for- 
mation, properties, transformations, aud constitution of dihydroxymaleic 
acid. (Trans., 1894, 65, 899 ; 1895, 67, 48 and 774; 1896, 69, 546). 
It was shown that the crystals of the hydrated acid, C,H,O,+2H,O, 
are quite permanent in the air at the ordinary temperature, and that 
the dry acid may be heated to 100°in an inert atmosphere without 
change. The aqueous solution is, however, very unstable, the acid being 
split up, slowly at ordinary temperatures, and very rapidly when heated 
to about 60°, into glycollic aldehyde and carbon dioxide. The decom- 
position takes place almost quantitatively, according to the following 
equation: C,H,O,=C,H,0, + 2C0,. 

Glycollic aldehyde can in this way be easily prepared in quantity. 
On evaporating the solution in a vacuum desiccator, and subsequently 
removing a small quantity of acid (probably glyoxylic acid), which is 
produced at the same time, the aldehyde is obtained as a thick, almost 
colourless, syrup. It obstinately retains traces of the alcoholic or ether 
used to purify it, but after long standing in a vacuum desiccator, it 
can be obtained nearly pure. It has a sweet taste, is somewhat volatile 
with steam or alcohol vapour, and is easily soluble in water or absolute 
alcohol, but nearly insoluble in ether. Its aqueous solution quickly 
reduces Fehling’s solution in the cold, and gives, in the cold, a silver 
‘mirror’ with ammoniacal silver nitrate. It immediately answers 
Schiff’s aldehyde reaction. On oxidation, it yields glycollic acid, and 
with phenylhydrazine acetate at 40°, it yields the osazone of glyoxal, 

CH:N,H:C,H, 
H:N.H-C,H, 
When this aldehyde is heated for two or three hours in a vacuum at 
about 100°, it undergoes a remarkable change, becoming transformed 
into a solid, transparent-gum which is somewhat brittle when cut with 
a knife. It is now almost insoluble in cold absolute alcohol, and its 
aqueous solution only very slowly and imperfectly answers Schiff’s 
magenta reaction for aldehydes. It has a sweet taste, and reduces 
Fehling’s solution slowly in the cold, and immediately on heating ; with 
ammoniacal silver nitrate, it gives a silver ‘ mirror.’ 
pd2 
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Analysis and molecular weight determination by Raoult’s method, 
indicate that this substance has the formula C,H,,0, (Joc. cit., 67 
774) 

Examination of the Condensation Product . 


Colour Reactions.—The substance answers most, or all, of the well- 
known colour reactions for ‘sugars,’ and the results are, as a rule, 
more strongly marked than with dextrose under similar conditions. 
For example, picric acid, made alkaline with soda, gives a deep red 
colour on heating ; diphenylwmine and alcoholic hydrogen chloride give, 
on heating, a brownish-violet colour ; resorcinol and alcoholic hydrogen 
chloride, and aqueous pyrogallol and hydrogen chloride, both give a 
ruby-red colour ; phloroglucinol and hydrogen chloride give, on heating 
a reddish colour changing to a black precipitate. 

Test for Opticity.—A solution containing 6°4 grams of the substance 
in 100 c.c. was carefully examined in a Soleil’s saccharimeter, and was 
found to be entirely inactive. 

Formation of Furfuraldehyde.—A. 5 per cent. aqueous solution of the 
substance was heated in a sealed tube at 140° for 4 hours; a consider- 
able quantity of brown ‘humic’ substance separated, and the liquid, 
after filtration, was distilled. The clear, colourless distillate, when tested 
with aniline acetate, gave the intense rose-red coloration characteristic 
of furfural. Phenylhydrazine acetate also gave a white precipitate. 
Another portion of the original liquid was shaken with chloroform, 
which, after being allowed to evaporate spontaneously to a small bulk, 
was treated with an alcoholic solution of aniline and a drop of hydro- 
chloric acid; the characteristic rose colour was in this case again 
produced. Formose, mannose, and a-acrose yield furfural in a similar way. 
(Loew, Ber., 1888, 21, 3039 ; Fischer, Ber., 1890, 23, 99 and 369). 

Experiments with Yeast.—Three flasks, of about 50 c.c. capacity, were 
each fitted with a series of bulbs containing baryta water, so that the 
progress of the changes could be observed. Forty c.c. of water was placed 
in each flask, and in the first, 15 grams of the substance was dis- 
solved ; in the second, a like quantity of dextrose, and the third was 
left blank for comparison. One gram of well washed brewer’s yeast 
was added to each, and the solutions were made just perceptibly acid 
with a drop or two of dilute solution of citric acid. The three pieces 
of apparatus were placed side by side, and kept at a temperature of 
about 25°. The solution of dextrose showed signs of active fermenta- 
tion after a few hours, whereas the other two solutions behaved exactly 
alike, giving no appreciable quantity of carbon dioxide, even after 
standing for 3 days, 
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Action of Phenylhydrazine on the ‘ Sugar.’* 


When a dilute aqueous solution of the ‘ sugar’ is mixed with excess 
of phenylhydrazine acetate, the mixture soon begins to cloud on 
standing in the cold ; and when heated on a water bath, a bulky, yellow 
precipitate separates, which increases in quantity and darkens in 
colour on further heating. With a weak (1—2 per cent.) solution, the 
precipitate is mostly crystalline in appearance, but with stronger 
solutions, the greater part separates as a deep brownish-red oil which 
solidifies on cooling ; after washing with water and drying on a porous 
plate, the precipitate dissolves easily in alcohol or ethylic acetate, and 
partly in cold benzene or ether. Heated for one or two hours with 
about 300 times its weight of water, a considerable portion of it 
dissolves, and is precipitated from the solution on cooling in bulky, 
lemon-yellow flocks resembling sulphide of arsenic in appearance. 
Under the microscope, this precipitate is seen to consist of fine yellow 
needles. 

In the following experiments, the ‘sugar’ was dissolved in about 
50—70 times its weight of water, and mixed with phenylhydrazine 
dissolved in 50 per cent. acetic acid in the proportion of 1 part of 
‘sugar,’ 2 parts of phenylhydrazine, and 2 parts of glacial acetic 
acid. The yield of crude, air-dried osazone obtained was generally 
about equal to, or slightly greater than, the weight of ‘sugar’ taken. 
About 6—8 grams of the ‘sugar’ were employed for each experiment, 
and the mixture was generally heated on a water bath at 90—100° 
for about 5 hours. 

Experiment I.—Glycollic aldehyde was heated in a vacuum for about 
2 hours on a water bath at 90—100°, the product being subsequently 
converted into osazone in the manner described above. The crude 
osazone was well washed, drained with the aid of the pump, then boiled 
with about 300 times its weight of water for 14}—2 hours, and filtered 
while hot. The lemon-yellow precipitate which separated on cooling 
was twice recrystallised from hot water in the same way, dried in a 
vacuum, recrystallised from hot benzene, and dried at 80°. The melting 
point of this specimen was 164—165°. 


I. 0:1324 gave 0:3071 CO, and 0:0679 H,O. C=63:25; H=5-69. 
II, 01168 ,, 0°2706 CO, and 0:0621 H,O. C=63:18; H=5-90. 
III. 01711 ,, 26-5 c.c. nitrogen at 19° and 758°8 mm. N=18'13. 

These numbers do not at all agree with those required for a normal 


hexosazone. They are between those calculated for tetrosazone and 
pentosazone, as will be seen in the following table. 


* For want of a more appropriate term, the gummy product obtained by heating 
glycollic aldehyde in a vacuum will be referred to as the ‘ sugar.’ 


378 FENTON: A NEW SYNTHESIS IN THE SUGAR GROUP. 


Calculated for L H. i a 
Diosazone, C,,H,,N, " 5°88 23°53 
Tetrosazone, C,,H,,N,O,.......0+++ . 6°04 18°79 
Pentosazone, C,,H,.N,O, .........0+ ; 6:09 17:07 
Hexosazone, C,,H,.N,O, ‘ 6°15 15°64 


It seemed probable, therefore, that the condensation of the glycollic 
aldehyde had been incomplete, and that the osazone produced was a 
mixture of hexosazone with an osazone of lower molecular weight. 
Experiments were therefore made to ascertain whether a different 
result would be obtained by heating the glycollic aldehyde for longer 
periods, or at higher temperatures, 

Experiment II.—The aldehyde was heated at 90—100° for about 10 
hours. The osazone was prepared as before, and was purified by re- 
crystallisation three times from boiling water, and then from 50 per 
cent. alcohol. It was dried at 100°, and melted at 160—161°. 


I. 0:1179 gave 0°2737 CO, and 0:0650 H,O. C=63:31; H=6-12. 
II. 01215 ,, 183... nitrogen at 16° and 758 mm. N=17:99. 


Experiment III.—The aldehyde was heated at 95—100° for 1 
hour, and then further heated at 106—108° for 4 hours more; the 
osazone was purified in the same manner as in Experiment II. It 
melted at 157°. 


0:1258 gave 0:2934 CO, and 0:0684 H,O. C=63'60; H=6-04. 


The residue which was left after the purification of this specimen 
was again boiled with about 3 litres of water. The insoluble part was 
then heated with 50 per cent. alcohol, the solution allowed to evaporate, 
and the residue recrystallised from 50 per cent. alcohol. It had a 
darker colour than the other specimens, and melted at 151—152°; its 
composition was, however, the same. 


0°1172 gave 0:2734 CO, and 00650 H,O. C=63-62; H=6'16. 


It is evident, therefore, that varying the time and temperature within 
the above limits had little, if any, effect on the composition of the 
osazone produced. 

Loew (Ber., 1888, 21, 275), on analysis of the osazone of formose (from 
formaldehyde), obtained the numbers C=63°65. H=6-81. (The 
nitrogen value was not given.) From this, he at first assumed that the 
osazone had the composition C,,H,,.N,O3, being formed from the sugar 
in the following way. C©,H,,.0,+2N,H,C,H, =C,,H,.N,O, + 3H,0. 

Afterwards, Fischer showed that crude formosazone was a mixture of 
several substances, and, by exhaustive fractional separation with 
various solvents, he was able to isolate, at any rate, two normal hexo- 
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sazones having the formula C,,H,.N,O,, B-acrosazone or formosazone, 
m. p. 144°, and a-acrosazone, m. p. 216—217°. (Fischer, Ber., 1888, 21, 
988. Fischer and Passmore, Ber., 1889, 22, 359). 

Since there is such a close similarity between the numbers obtained 
by Loew for crude formosazone and those resulting from the several 
analyses given above, it was considered advisable to attempt a separa- 
tion of the crude substance by the method which Fischer employed in 
the case of crude formosazone, the details of his method being followed 
as closely as possible. 

Experiment IV.—The glycollic aldehyde was heated, as in the last 
experiment, for about 5 hours at 100—106°; 8'2 grams of the ‘ sugar’ 
thus obtained were dissolved in 250 c.c. of water, mixed with phenyl- 
hydrazine acetate in the same proportions as before, and the mixture 
heated on a water bath for 14 hours. Most of the osazone separated 
as a dark-reddish oil which solidified on cooling, the remainder appearing 
as a reddish-golden, crystalline precipitate ; the product was washed 
with water, drained, and air-dried on a porous plate for 2 days. 
About 9°5 grams of crude osazone were obtained. It was then twice 
ground in a mortar with a little cold benzene, drained and washed on 
a filter with cold benzene, and after again drying in the air it was ground 
up with about 80 c.c. of anhydrous ether in successive portions. The 
ether solution, on evaporation, gave a yellow residue which was partly 
soluble in boiling water, but the quantity of purified product thus 
obtained was small, and was not therefore examined. 

The residue left undissolved after treatment with ether was heated 
with the smallest possible quantity of ethylic acetate, in which practi- 
cally all was dissolved ; nothing separated from this solution after 
standing for 3 days. (In the case of formosazone, a sparingly soluble 
portion separates on standing.) The solution was then evaporated on 
a water bath, and the residue (about 3°6 grams) heated with a litre of 
water for 14 hours, and filtered ; the filtrate, on cooling, deposited a 
bulky, yellow precipitate, which under the microscope was seen to con- 
sist of aggregates of yellow needles. This product, after drying in a 
vacuum, melted at 141—142°, and gave the following result on analysis. 


0°1145 gave 0°2603 CO, and 0:0621 H,O. C=62:00; H=6-02. 


The residue (about 2 grams), after extraction with water as above, 
was again heated with about a litre of water for 3 hours, repeatedly 
washed with boiling water, and then twice recrystallised from hot 
50 per cent. alcohol, and vacuum dried. This specimen was darker in 
colour than the part soluble in water ; it melted at 134—136°, 


01131 gave 0°2630 CO, and 0:0620 H,O. C=63-41; H=6-09. 


These results show undoubtedly that the original osazone is a mix- 
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ture, but that the process of separation is not sufficient for the isolation 
of its constituents. 


Purification of the Crude ‘ Sugar.’ 


Experiments were now made with a view of separating the hexose 
from unaltered glycollic aldehyde (or other ‘sugar’ having a lower 
molecular weight than hexose), assuming, as was probable from the 
analyses above recorded, that the condensation to hexose had not been 
complete. 

It was previously shown that the crude ‘sugar’ is nearly insoluble 
in absolute alcohol, whereas glycollic aldehyde dissolves easily, so that 
the latter, at any rate, should be capable of removal in this way. As, 
however, mere treatment with cold alcohol did not promise to be of 
much service owing to the gummy nature of the substance, it was 
heated to boiling with about three or four times its weight of absolute 
alcohol. After boiling and stirring for a few minutes, the whole dis- 
solved, forming a clear solution which, on. cooling, turned milky ; 
after standing for some hours, a considerable portion separated as a 
soft gum which became harder after washing withalcohol. (If, however, 
the quantity of alcohol used to dissolve the sugar be insufficient, the 
substance does not separate on cooling, although it is immediately 
precipitated in flocks on adding cold alcohol.) The separated portion, 
after being treated first with a little warm alcohol, and then rubbed 
repeatedly with fresh portions of cold alcohol, was similar in aypear- 
ance to the original crude ‘sugar,’ and behaved in a similar way with 
Fehling’s solution, &e. With phenylhydrazine, however, a different 
result was obtained, as will be described below. 

The alcoholic solution which was poured off from the separated gum, 
when allowed to evaporate in a desiccator, leaves a reddish-yellow, 
thick syrup, which tastes sweet and has the odour of treacle. If this 
be again heated for a few hours in a vacuum, a further yield of solid 
gum is obtained apparently identical with the original sugar. It was 
not used in these experiments, however, since its identity, although 
very probable, had not been established. 

Action of Phenylhydrazine on the Purified Product.—The osazone 
was prepared in the same manner as before, and was purified by first 
_rubbing with small quantities of cold benzene or ether, and then crys- 
tallising from boiling water. The yield of crude osazone was somewhat 
smaller than in the previous cases, but it was lighter in colour and 
less contaminated with resinous matter, and the yield of purified -pro- 
duct was, apparently, larger in proportion. 

I. 0°1120 gave 0:2471 CO, and 0:0632 H,O. C=60:17; H=6:26. 

II. 01137 ,, 0-2525 CO, and 0:0658 H,O. C=6056; H=6-43. 

III. 0:1354 ,, 18:2 cc. nitrogen at 14° and 749 mm. N=15-80. 
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A normal hexosazone, as stated above, requires C = 60°33 ; H=6'15 ; 
N = 15°64 per cent. 

The specimen analysed in I was prepared from a different sample of 
the sugar from that analysed in II and III. The first was purified by 
treating it with ether, and then crystallising from hot water ; the 
second by treatment with benzene, crystallisation from hot water, and 
then from 50 per cent. alcohol. Both specimens were vacuum dried. 

The melting point “of the second specimen was determined ; it 
darkened at about 150°, and melted at 168—170°. 

Action of Heat on the Purified Product.—The crude ‘sugar’ is but 
slightly changed by further heating for several hours at about 100°. 
A specimen, for example, which had been heated in a vacuum to 
90—100° for about 10 hours gave the following result on analysis. 


0°1293 gave 0°1913 CO, and 0:0766 H,O. C=40°34; H=6°56. 
Another specimen, similarly heated for about 12 hours. 


0:1286 gave 0°1920 CO, and 0:0773 H,O. C=40°71; H=6-67. 
C,H,,0, requires C= 40°00 ; H=6°66 per cent. 


The product which has been purified by alcohol, however, after 
heating in a vacuum to 80—106°, shows more evident signs of dehy- 
dration. I is a specimen which had been heated for 2 hours at 
80—100° ; II, another specimen which had been heated for 4 hours at 
100—106° ; III, the same specimen as analysed in II but heated again 
for 6 hours at 100—106° (that is, 10 hours altogether); IV was 
another specimen similarly heated for 24 hours. 


I. 0°1157 gave 0:1776 CO, and 0:0691 H,O. C=41°86; H=6°63. 
II. 01174 ,, 01807 CO, and 0:0686 H,O. C=41:97; H=6°49. 
III. 01792 ,, 02848 CO, and 0:0985 H,O, C=43-34; H=6:10. 
IV. 01323 ,, 0:2119 CO, and 0:0724H,0. C=43°68; H=6°08. 


It appears, therefore, that the substance, after 2 to 4 hours’ heating, 
has the composition represented by ©,,H,.0,,, which requires 
C=42°10 ; H=6-43 per cent. 

After this, the loss of water takes place more slowly, and, when 
heated for 24 hours, the composition approximates to C,H,,0,;, which 
requires C= 44°44 ; H=6'17 per cent. 

This behaviour, on heating, is very similar to that of formose (Wehmer 
and Tollens, Annalen, 1888, 243, 336; Loew, Ber., 1888, 21, 3039), 
and the product much resembles Butlerow’s ‘ methylenitan’ in proper- 
ties. It is transparent, but darker in colour than the original sugar, 
and is harder and more brittle, so that it may be powdered. In taste, 
and odour when heated, it somewhat resembles caramel. 
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Summary of Results. 


Glycollic aldehyde, when heated at about 100° for a few hours in a 
vacuum, undergoes condensation, and produces a solid, transparent gum. 
The substance so produced has a sweet taste, reduces Fehling’s solution, 
and gives various colour reactions characteristic of ‘sugars.’ Heated 
with water at 140°, it yields furfural. With phenylhydrazine, an 
osazone is produced which is to a considerable extent soluble in boiling 
water, and crystallises in yellow needles. It is optically inactive, 
and appears to be incapable of undergoing fermentation by yeast. 

Analysis of this condensation product, and molecular weight deter- 
minations by Raoult’s method, indicate the formula C,H,,0,. An 
exhaustive study, however, of the osazone, produced under varying 
conditions, shows that the condensation is never perfect, the hexose 
being mixed with a ‘sugar’ of lower molecular weight, probably un- 
altered glycollic aldehyde or possibly tetrose. By treatment with 
boiling alcohol, however, this lower compound may be removed, and 
the purified product then gives, with phenylhydrazine, a normal hexosa- 
zone, C,,H,.N,O,, melting at 168—170°. 

When this purified product is heated in a vacuum at 100—106° for 
2 to 4 hours, it has the formula C,,H,,0,,. On further heating, water 
is lost more slowly, and, after 24 hours’ heating, the composition 
approximates to C,H,,O,;. The dehydrated product is darker in colour 
than the original ‘sugar,’ and is harder and more brittle, so that it is 
capable of being powdered. 

Several other interesting experiments, of course, suggest themselves 
in connection with the ‘sugar’ ; for example, the effects of oxidation 
by nitric acid and by bromine, whether. levulinic acid is produced by 
the action of hydrogen chloride, and whether the purified ‘ sugar’ is 
capable of resolution into isomeric modifications. The scarcity of 
material, however, owing to the expense of manufacture, compels me 
to reserve these experiments for a future communication. 

The fact that a ‘sugar’ can be produced in this simple manner from 
tartaric acid may possibly help to throw light, in certain cases, upon the 
natural formation of carbohydrates. The changes may be briefly ex- 
pressed as follows. 

(1) C,H,O,—H, =C,H,0,. 
(2) C,H,0O,=C,H,0, + 2CO,. 
(3) 3C,H,0, =C,H,,0,. 


It has been previously shown that (1) and (2) take place almost 
quantitatively, although in actual preparation there is much less in (1) 
owing to the great instability of dihydroxymaleic acid in aqueous solu- 
tion. In (2)a small quantity of an oxidation product is produced, 
and in (3) loss arises from the partial volatility of glycollic aldehyde 
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with alcohol vapour. From 100 grams of crystallised dihydroxy- 
maleic acid, about 20 grams of crude ‘sugar’ are obtained, theory 
requiring 32 grams. 

In former communications (Trans., 1894, 65, 899 ; British Association 
Report, 1895) it has been shown that dihydroxymaleic acid may be 
formed from tartaric acid by exposure to air and light in presence of a 
ferrous salt. To a strong solution of a tartrate (e.g., Rochelle salt), a 
few drops of ferrous sulphate solution are added, and the mixture is ex- 
posed in an open dish to sunlight. After a short time, a yellow colour is 
developed, and, on adding caustic alkali, the beautiful violet colour 
characteristic of dihydroxymaleic acid is produced, and is intensified by 
the addition of ferric chloride. 

For the success of this experiment, three conditions are essential. 

1. The presence of ivon. In absence of ferrous salt, no colour what- 
ever is obtained on the subsequent addition of caustic alkali and ferric 
or ferrous salt. 

2. The presence of oxygen. No effect whatever is obtained if the 
exposure to light be made in a vacuum. 

3. The presence of sunlight. Little or no colour is obtained after 
exposure to air in the dark. 

These conditions, therefore, show a resemblance to some of those 
which are necessary in vegetable growth. 

In this connection, it may be of interest to ascertain whether dihydr- 
oxymaleic acid can be detected at any stage of vegetable life. It is 
just possible that the violet colour which has been obtained in certain 
cases with ferric chloride and ascribed to pyrocatechin or phloroglucinol, 
may, in reality, have been produced by dihydroxymaleic acid, which 
gives a similar colour reaction. 
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sean tee The Freezing Points of Alloys containing Zinc 
and another Metal. 


By Cuartes Toomas Heycock and Francis Henry NEvILLe. 


INTRODUCTION, 


THe present paper contains the results of experiments most of which 
were carried out in 1894 and 1895, but some, including the greater 
part of the zinc-silver and the zinc-tin series, were performed in 1896. 
The results are not so complete as we had hoped to make them, but in 
so large a subject it is hopeless to aim at completeness, and the fact 
that an increasing number of students is now occupied with the cryo- 
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scopic study of alloys renders such an aim less necessary, for it may 
be hoped that one worker’s results will complement and correct those 
of another. M. Henri Gautier* has lately published an investigation 
of the melting points of several alloys, including zinc-silver, that must 
cover the same ground as our own experiments on that pair of metals, 
but as we had obtained some remarkable results with dilute solutions 
of silver in zinc before we were aware that he was occupied with the 
subject, we have thought it worth while to complete our zinc-silver 
freezing point curve. In order that our work might have the value 
attaching to an independent investigation, we have not allowed our- 
selves the pleasure of studying his paper, although very possibly we 
might have been saved from some errors by doing so. 

The freezing points were determined by means of platinum resistance 
pyrometers identical with those described in a previous paper (Trans., 
1895, 67, 160). As the methods of using the pyrometers and reducing 
their reading to the centigrade-air scale are fully described in that 
paper, we content ourselves in the present case with stating the centi- 
grade temperatures without explanation. 

Zinc is, in some respects, a more troublesome metal to use as a solvent 
than any other, either of higher or lower melting point, that we have 
as yet employed ; for in working near 400°, we have been unable to 
find any substance which could be used to protect the surface of the 
molten alloy from oxidation. The paraffins, which we had employed 
up to the melting point of lead, were too volatile or decomposed at the 
higher temperature. The plan of introducing a jet of coal-gas into the 
cracible so that it impinged on the surface of the molten metal was 
adopted ; but although oxygen was thus, to some extent, excluded 
from the crucible, the reducing action of the unlit coal-gas at so low a 
temperature as 400° was probably very slight. We do not, however, 
think that oxidation took place to such an extent as seriously to impair 
the accuracy of our results. 

The alloys were vigorously stirred by a plunging ring stirrer which 
just fitted the cylindrical crucible. This stirrer was of clay in a few of 
the earlier experiments, but afterwards we invariably used a stirrer 
made of gas carbon. In general, this stirrer was worked by a water 
motor, but in a few cases it was worked by hand. 

The experiments at temperatures below 500° were generally carried 
out in an improvised furnace which allowed of a somewhat more rapid 
rate of cooling than did Fletcher’s furnaces. The base of this furnace was 
a slab of fire-clay perforated by a circular hole about 2 inches in diameter, 
and the walls were formed by a cylinder of sheet asbestos. Resting on 
the top of this cylinder was a circular plate of thick sheet asbestos 
having a central hole. This formed the top of the furnace, and a 

* Compt. rend., 1896 ; 123, 172—174. 
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cylindrical cast iron crucible with walls half-an-inch thick just fitted 
the hole in the asbestos top and was thus suspended axially within the 
furnace. The true crucible of plumbago, which contained the alloy, 
was a cylinder exactly fitting the inside of the iron crucible. The whole 
structure rested on an iron tripod so that a Bunsen burner could be 
placed underneath and raised until the flame more or less entered the 
hole in the base of the furnace. This arrangement gave us the power 
of heating rapidly, together with very steady temperatures, and some 
control over the rate of cooling. We shall call this furnace A, to dis- 
tinguish it from the Fletcher’s furnace and from other arrangements 
sometimes employed. 

At the commencement of a series of experiments, a known weight of 
one metal was melted in the crucible and its freezing point determined. 
Successive known weights of the second metal were then added, the 
freezing point being determined after each addition. Except in the 
case of the silver-zinc alloys, where we were forced to resort to chemical 
analysis, the composition of the alloy was deduced from the weights of 
metal used. This plan, at the comparatively low temperatures needed 
for zinc, and provided that care is taken to minimise oxidation, is pro- 
bably as trustworthy as an analysis, at all events when the series of 
experiments is not too prolonged. 

The results are given in tabular form and also expressed as curves. 
Each pair of metals has a separate table allotted to it, and at the head 
of the table we state the nature of the alloy and the weight used of 
what we may term the solvent metal. 

The first column gives the percentage by weight of the second metal 
present. 

The second column gives the atomic percentage of the second metal, 
or, in other words, the empirical formula of the alloy—thus a silver-zine 
alloy having 20 atomic per cents. of zinc would have the formula 
AggZno,. This column is calculated from column 1, and from the 
atomic weights of the metals. 

The third column gives the temperature at which the alloy begins to 
solidify—the freezing point or f. p., as we shall, for shortness, term it. 
It is often easy to read this temperature to 0°01°, although the true 
temperature is no doubt rarely obtained so nearly as this. We think, 
however, that in certain cases our results would lose in accuracy by re- 
jecting the second decimal place, we have therefore usually retained it. 

The fourth column, the atomic fall, is obtained by dividing the 
total depression of the freezing point by the atomic percentage of the 
second metal. It is clear that if, as should be the case for dilute solu- 
tions, the depressions are proportional to the concentrations, then the 
atomic fall ought at least, for the same pair of metals, to be a constant. 
This column is only given for dilute solutions. It is useful, because it 
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shows at once whether the experiments are consistent with one another. 
It must be remembered, however, that, for very dilute solutions, the 
atomic fall necessarily appears to be irregular, as, from the method of 
calculating it, the experimental error is in such cases greatly magnified. 

In the freezing point curves (pp. 404 and 422), the temperature is 
measured vertically upwards and is indicated by numbers placed at the 
side of the page or in some cases by numbers placed immediately below 
the line of the curve. The composition is indicated in atomic per- 
centages, the numbers being placed either along the top or bottom of 
the page, or in some cases by numbers immediately above the line of 
the curve. The plan of placing the numbers close to the curve is 
convenient when it is necessary to make the curve of each pair of 
metals an independent figure having its own zero, as in Figures 4 
and 15. The individual experiments are indicated in the figures by 
black dots lying on or near the line of the curve. 

It will be seen from the tables that we in several cases give more 
than one series of experiments for the same metallic pair in which the 
starting point is the same pure metal. But the freezing points of the 
pure metal in two such series, obtained at different times.and probably 
with different thermometers, are certain to differ a little. We there- 
fore, before charting these series, add to or subtract from every term 
of one of them the small constant quantity which is needed to make 
the f. p. of the pure metal the same in both; for example, in all the 
complete f. p. curves the f. p. of zine is taken as 419.* 

The paper is divided into two almost independent sections. The first 
deals with those metals which, when added to zinc, begin by lowering 
its freezing point, the second deals with those metals which raise the 
freezing point of the zinc. 

A reader can most readily obtain an idea of our results by turning 
at once to the second part of each section in which the individual 
curves and their meaning are discussed. 


Section I. 


Metals which Lower the Freezing Point of Zinc. 


Amongst the metals whose alloys we have examined, we find that 
the freezing point of zinc is lowe.ed by tin, bismuth, thallium, cad- 
mium, lead, antimony, magnesium or aluminium. 

Our experiments with these metals are embodied in Tables I to VIII, 


and in Figures 1 to 12 (p. 404). 


* In all the experiments ranging over three years in time, and made with many 
different pyrometers, the extreme divergence from the mean freezing point of zinc 


was + 0°7°, 
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TABLE [a. 
CADMIUM ADDED TO ZINC. 
Series 1. 
200 grams of Zinc. 
Unlit coal gas on surface of metal. 


Hand-stirring. 


Percentage of cad- | Atomic percentage Freezing point Atomic 
mium by weight. | of cadmium. centigrade. fall. 
0 | 0 418°50 
0°259 | 0°152 417°86 4°21 
0990 0°581 _ 415°82 4°61 
2°479 | 1°464 411°69 4°65 
5°167 3°084 404°28 4°61 
14°11 8°760 381°80 4°30 
16°38 10°275 374°98 . 
19°74 12°57 371°26 
22°83 14°74 365°07 
28°42 | 18°83 35505 


35°36 24°22 344°30 


Series 2. 
129°3 grams of Zine. 


35°36 24°22 344°20 
40°89 28°78 336°46 
45°48 32°78 330°70 
49°42 36°17 325°83 


321°99 


Series 3. 
grams of Zinc. 


307 °25 

4 99 307 *56t 
64°05 | 51°0 306°03 

67°25 54°53 301°05§ 
70°06 57°76 296°30 
75°09 63°80 285°79 
fe | ae 286 °46 

77°04 66°20 280°924 
” | ” 281 67 
79°00 68°73 276°10 
" a (26462) 


* From this point onwards, the cuncentration is too great to render the atomic falls 


of any meaning. 
+ The freezing point of the eutectic mixture, a very steady temperature. 
t Read with a layer of ragosine oil on the surface of the alloy. 
§ Nuclei of zinc were dropped in, but seemed to have no effect in altering the f. p. 
{| Raised alloy to a red heat after this reading, to make certain that all the zinc 


was melted. 
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TABLE Is. 
ZINC ADDED TO CADMIUM. 
Series 1. 


250 grams of Cadmium. 


Percentage of zinc Atomic percentage Freezing point 
by weight. of zinc. centigrade. 


320°55 
319°88 
319°33 
317°32 
313°77 
309°51 
302°74 
29508 
284°41 
273°10 
26704 
289°54 
(26456) 
300°21 


Series 2. 


225 grams of Cadmium. 


16°15 279°40 
20°22 272°92 
24°20 26662 
i (264°43) 
25°50 264°76 
" (264-54) 
26°76 264°54 
28°85 269°06 
(264°50) 


With the exception of the eutectic points, which could be found by 
allowing the mixture to cool, and which were quite constant for many 
minutes, all the freezing points of alloys, rich in both cadmium and 
zine, were difficult to observe exactly. They were read with the aid of 
a metronome to mark the rate of cooling ; there was no period of 
absolutely constant temperature, but, at the point recorded, the rate 
of cooling suddenly became three or four times as slow as it had been 
until then. 


Coal gas burning over the surface of the metal. 
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TABLE II a. 
ALUMINIUM ADDED TO ZINC. 


400 grams of Zine. 


Percentage 


of alu- 


minium by weight. 


Freezing point 


Atomic percentage 
centigrade. 


of aluminium. 


ALNWSNHARO 
EITOMWNH 


. 


14°53 
18°87 
18°86 
25°06 
30°37 
36°22 


© IAW DH OS 


| 


0 | 418°6 
0°99 | 414°5 
1°96 | 410°4 
2°91 | 407°7 
4°76 | 401°4 
7°41 392°2 
12°28 (380°6)* 
16°67 (380°9)* 

e 404°9 
20°64 418°4 
29°14 447°3 
36°00 466°1+ 

= 464°9t 
44°71 492°6 
51°34 5084+ 
57°87 525°4 


* Very steady eutectic temperatures. 
first of these two points was reached. 
+ Extracted a portion, weighed it, and continued the experiment with the residue. 


t The f. p. of residue. 


TABLE IIs. 
ZINC ADDED TO ALUMINIUM. 
175 grams of Aluminium. 


The mass was nearly solid before the 


Percentage 


by weight. 


of zinc 


Atomic percentage Freezing point 


Atomic 


2 


of zinc. centigrade. 
0 654°5 
0°374 652°5 
0°981 650°4 
1°44 648°7 
2°50 644°9 
3°82 639°5 
5°33 634°4 
8°44 623 °2 
12°24 613°0 
15°73 598°7 
20°49 584°5 
24°73 571°‘1 
28°54 560°2§ 
99 9) 
32°46 548°5 
34°84 §42°2|| 
a 541°49 
39°27 530°8 
44°31 518°2 


C9 C9 C9 CO C9 CO CO A on 
BAS BIS HS Soi 


tinued with the residue. 


§ After this reading, a weighed amount was extracted, and the experiment con- 
Tt will be seen that the f. p. was unchanged. 


| After this reading, we extracted a weighed portion. 
4] The f. p. of the residue. 


VOL, LXXI. 
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TABLE IlITLa. 
Series 1. 
BisMUTH ADDED To 500 GRams oF ZINC. 


In a clay crucible placed in the axis of a small iron block. Stirred by a 
clay ring stirrer. Coal gas burning on the surface of the metal 
during cooling. Platinum pyrometer in porcelain tube. 


Percentage of bis- | Atomic percentage Freezing point 
muth by weight. | of bismuth. | centigrade. 


418°64 
417°94 
417°37 
416°78 
416°31 
415°84 
415°73 
415°66* 
415°65* 


Series 2. 
Bismuth added to 258 grams of Zinc: 


In furnace A. Coal gas, unlit, over surface of the metal. Platinum 
pyrometer in thin glass tube. Carbon ring stirrer. 


418°80 
418°46 54 

417°71 5°8 

415°93 Saturated. 
415°93 
415°93 
415°95 


9? 


Series 3. 


Bismuth added to 160°75 grams of Zine. 
Conditions the same as in Series 2. 


38°35 16°38 | 416°20 
44°84 20°38 | 416°50 
50°92 24°63 | 416°70 
55°79 28°44 416°80 
59°93 32°02 | 416°86 
63°20 35°11 | 416°90 


* In these last two readings a trace of surfusion was noticed. 
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From 6°11 atomic per cents. of bismuth to the end of Series 3, each 
freezing point isan extremely steady temperature; in fact, the tempera- 
ture was watched for nearly five minutes after reading the freezing 
point and no fall in temperature noticed. We did not venture to allow 
the mass to solidify completely, lest the metal in setting should crush 
the glass tube of the pyrometer. 

A very rapid stir was maintained during Series 3. 

At the end of Series 3, the alloy, after being well melted, was allowed 
to cool slowly, and the ingot of metal was finally extracted from the 
crucible. It weighed 431 grams, and there was also a little on the 
pyrometer stem and the stirrer. The weight of the metals used was 
437 grams. The alloy consisted of two layers, the lower about twice 
the amount of the upper. They were easily separated by a blow from 
a hammer. ; ; 

The constants of the pyrometer were found to be the same at the 
beginning and end of the experiments, hence the slight upward creep 
of the freezing points along the flat of the curve is probably a real 
phenomenon, perhaps due to an impurity in the bismuth. 


TABLE IIIs. 


ZINC ADDED To 300 qRams oF BismuTH. 
Conditions the same as in Table IIL a, Series 2 and 3. 


| Atomic percentage Freezing point Atomic 


Percentage weight 
of zinc. centigrade. fall. 


261°81 1°835 
258°60 1°810 
254°51 Saturated. 
254°37 Me 
843°0 
358°1 
387°3 
388°3 
409°4 
416°9 
417°8 
417°8 
417°9 
417°2 
416°6 


| 
| 
| 
| 269°37 
} 


After each addition of zinc, it was necessary to heat the alloy to the 
melting point of zine to bring about solution. 

In the freezing points, down to 12 atomic per cents. of zinc, surfu- 
sion was generally noted, sometimes to the extent of 2°. 

The point at 12 atomic per cents. of zinc was a very steady tempera- 
ture. Here the rate of cooling was carefully-watched from 50° above 
the recorded temperature, but no higher freezing point could be found. 

EE2 
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At 19°63 atomic per cents. of zinc, the freezing point was somewhat 
fugitive ; this is always the case at the first points on the branch of 
the curve ascending from the lower eutectic flat towards the melting 
point of the less fusible metal. 

The experiments of Table III B were carried out with a sample of 
bismuth, believed to be specially pure, which was used by Griffiths in 
his determination of the freezing point (Phil. Trans., 1891, A, p, 
150). He then got 269°22° as the mean of his results. It is inter- 
esting to note that our number, obtained without any special attempt 
to arrive at a standard result, differs from his by only 0°15°. His 
platinum thermometers were of a different type from ours, and the 
conditions of the experiment in other respects not the same. We think 
it very doubtful whether, even at these moderate temperatures, two 
mercury thermometers would have given so close an agreement. 


TABLE IVa. 
TiN ADDED To ZINC. 


Series 1. 
700 grams of Zine. 
An early series of experiments. The conditions not specially noted. 


Percentage weight Atomic percentage Freezing point Atomic 
of tin present. of tin. centigrade. fall. 


0 0 419°57 
0°549 0°305 417°82 
1°088 0°606 416°18 
1°795 1°004 414°14 
3°152 1°772 410°53 
3°450 1°944 409°82 
4°873 2°763 406°40 


Series 2. 


150 grams of Zine. 
In furnace A. Carbon stirrer. 


0 | | 418°86 
3°23 | 409-80 
_ 6°25 | 402°61 
11°77 ' 
16°67 
23°08 
29°57 
35°04 
41°14 
49°07 
55°12 


* After these readings, the crucible was too full; a portion of the alloy was there- 
fore extracted in a molten state, weighed, and the experiment continued with the 


residue. 
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TABLE IV a.—continued. 


Series 3. 


200 grams of Zine. 
In furnace A. Unlit coal gas. Pyrometer in a glass tube. 


Percentage weight | Atomic percentage Freezing point Atomic 
of tin present. | of tin. centigrade. fali. 
0 0 418°15 
0°356 | 0°198 | 417°04 5°60 
0°860 0°479 415°52 5°49 
1°445 0°806 413°95 5°21 
2°120 1°187 412°18 5°03 


Series 3 was carried out later than any other work described in 
the paper, as a check en the large atomic falls of Series 1. 

The last reading of Series 3 was repeated several times during an 
hour, and remained unchanged, hence there does not appear to be any 
loss of tin by oxidation. 

This series is not utilised in drawing the f. p. curves. 


TABLE IVs. 


ZINC ADDED TO TIN. 


150 grams of Tin. 
Furnace A, &c., as before. Unlit coal gas on surface. 


| 


Percentage weight of | Atomic percentage | Freezing point 
zinc present. of zinc. | centigrade. 


10°7 17°80 197°79* 


‘ 
11°65 19°23 197°94 
. a 228°64+ 
x rs 228 °77+ 
12°58 20°61 197°90 
m e | 234°82 
14°08 22°82 245°61 
16°48 26°18 260°80t 
19°68 30°64 | 281°04 
m - 197°77 
23°41 35°52 297°87 
27°37 40°45 312°40 
80°77 44°48 323°72 
34°93 49°18 835°47 
38°67 53°20 842°70§ 


* A very steady temperature. No higher point could be detected. 

+ A slight halt in the cooling here. 

t From here onwards the freezing points are well marked. 

§ At the end of the experiments, the alloy was poured out of the crucible, and 
examined. A little powder was noticed with the metal. This may have been 
oxide, but was more probably carbon from the stirrer. 
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TABLE V., 
LEAD ADDED TO 550 Grams oF ZINC. 


In Salamander crucible in « small Fletcher blast furnace. A little 
coal gas burning on the surface during cooling. 


Percentage weight | Atomic percentage Freezing point 
of lead. of lead. centigrade. 


419-22 
418°72 
418°16 
417°74 

1°25 ‘2 417°73 
2°01 | 6 417°73 
4°95 6: 417°63 
15°15 | 417°63 


* This, and all the following freezing points, are the same, because the zinc is 
saturated with lead. . These freezing points of the saturated alloy were very constant 
temperatures, and became more constant with each addition of lead. 

+ The stationary temperature here lasted 13 minutes without change. 


TABLE VI. 
ANTIMONY ADDED To 250 Grams oF ZINC. 


Coal gas burning over the surface of the. metal. 


Percentage of anti- | Atomic percentage Freezing point Atomic 
mony by weight. | of antimony. centigrade. fall. 


0 | 418°78 
0:273 | 418°10 
0669 | 36 417°02 
- | "i 416°66 
1°46 , 414°80 

. 414°52 
. 414°67 
2°23 2: 412-84 
3°37 | ‘86 412°57 
4°47 | 412°65 


PON OO 
A mredd 00K 
++ Go 


~ 


+ The experiments were resumed here after a night’sinterval. Before the reading, 
the alloy was heated to a red heat to ensure the solution of the antimony. 
§ A very steady temperature. 
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TABLE VII. 
THALLIUM ADDED TO 250 GRAMS OF ZINC. 


Carbon stirrer. Coal gas burning on the surface of metal. 


Percentage of thal- | Atomic percentage Freezing point Atomic 
lium by weight. | of thallium. centigrade. fall. 


418°77 
418°18 
416°79 50 
416°51 Saturated. 
416°46 me 
416°41 ce 


TABLE VIII. 
MAGNESIUM ADDED TO ZINC. 
Series 1. 

250 grams of Zine. 


Percentage weight Atomic percentage Freezing point Atomic 
of magnesium. of magnesium. centigrade. 


419 

416°62 
414°15 
410°04 
403°84 


Series 2. 


250 grams of Zine. 


419°05 
417°26 
413°78 
408°92 
395 °21 


Series 3. 
250 grams of Zine. 


Pure hydrogen over surface of alloy. 


396 HEYCOCK AND NEVILLE: THE FREEZING POINTS OF ALLOYS 


TABLE VIII.—continued. 
Series 4. 
192 grams of Zine. 


In small Fletcher blast furnace. Current of coal gas burning 
over surface of metal. 


| 
Percentage weight Atomic percentage Freezing point 


of magnesium. of magnesium. | centigrade. 


419°0 

413°93 
406°41 
395°13 
387 °44 
369°61 
369°74 


The magnesium was in sticks from the Patricroft factory. It is at 
once wetted by the zinc, and dissolves easily at temperatures but little 
above the melting point of zinc, and with no apparent evolution of 
heat. 


Zine-Cadmium. 


Figure 1 (p. 404) gives a complete freezing point curve for all 
mixtures of these two metals. It may be regarded as a fairly typical 
one for metals which do not combine chemically, and which are 
soluble in each other in all proportions. It shows that the addition of 
cadmium to the zinc lowers the f. p. until about 73°5 atomic per cents. 
of cadmium are present when a minimum f.p. of 264'5° is reached, 
and that further addition of cadmium raises the f. p- continuously 
until with 100 atomic per cents. of cadmium the f. p. of that metal is 
reached. 

The determination of the composition of the eutectic alloy, that is 
the alloy of lowest freezing point, was difficult in this particular case. 
The freezing points near, but above the eutectic, are always somewhat 
fugitive temperatures, and in the present case, the chance of oxidation 
during the prolonged series of experiments makes our knowledge of 
the composition of the alloy a little uncertain. It is quite possible 
that all the causes of error, taken together, may make our estimate 
wrong by more than one atomic per cent. In other words, the experi- 
ments do not contradict the supposition that the eutectic state occurs at 
ZnCd,, but this is almost certainly a coincidence, like a similar case we 
have observed for silver-copper. There can be no doubt that the 
eutectic alloy is nothing but that particular mixture of the two metals 
from which, when liquid, they would both separate in the solid form at 
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the same temperature ; there is, therefore, no reason for expecting it 
to be a chemical compound. In fact, although from the imperfection 
of our experiments we could not trace the curve close to the eutectic 
state, and have, therefore, drawn the figure as if the two branches 
passed into each other here with a continuous curvature, it is almost 
certain that, with perfect experiments, this eutectic point, like others, 
would be found to be an angle in which two entirely independent 
branches of the curve cut each other. The branch which starts from 
the f.p. of pure zinc, may be regarded as the f.p. curve of zinc, 
holding cadmium in solution, while the other branch is the f. p. curve 
of cadmium, holding zinc in solution. Inthe upper part of each 
branch, there is no doubt that pure zinc or pure cadmium respectively 
freeze out at the f. p., and this may, perhaps, be the case throughout 
the whole of each branch, but the fact has not been verified by experi- 
ment. We have not been able to find freezing points on either branch 
below the eutectic point ; the curves, in fact, seem to end at their 
intersection, but if it were possible to produce a state of superfusion 
in an alloy containing a little more zinc than the eutectic, we might, 
by dropping in a nucleus of cadmium, obtain a point on the cadmium 
branch below the eutectic. We believe that some experimenters, 
using other binary mixtures, have thus traced the two branches a 
little way below the eutectic point.* 

The f. p. of the eutectic alloy is more certainly determinable than 
its composition, for it can be found as a second freezing point of alloys 
of various compositions. For example, if we take an alloy containing 
50 atomic per cents. of zinc, and therefore more zinc than the eutectic, 
melt it completely, and allow it to cool, we shall, at 308°, find a f. p. 
at which zinc, or, at all events, something containing more zinc than 
the liquid, begins to separate as a solid. This process will go on as 
the alloy cools, until, by the continual separation of solid matter, 
the still liquid portion has reached the composition of the eutectic 
alloy. The temperature will now be 264°5°, and will remain constant 
until every particle of the alloy has solidified, for the liquid is now 
saturated both with zinc and cadmium, and these metals will freeze 
out in the same proportions as those in which they are present in the 
liquid. If we start from an alloy on the cadmium side, a similar pro- 
cess will take place. Our figure shows the horizontal line of eutectic 
freezing points obtained in this manner. 

The indications of chemical combination between the zine and the 
cadmium are slight, if, indeed, such indications exist. But at Cd,Zn, 
there is a perceptible shoulder to the curve, that might be regarded as 
a much degraded intermediate summit. This may be interpreted as 
indicating the existence of a compound CdZn, which, when melted, is 


* Dahms, Ann. Phys. Chem., 1894, 54, 486. 
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very largely dissociated into its constituent metals. However, when 
we come to the consideration of the zinc-tin and zinc-bismuth curves 
we shall see that another explanation of this feature is possible. 

If the compound CdZn exists, then when alloys with more than 50 
and less than 74 atomic per cents. of cadmium begin to solidify, we 
should expect this compound to separate asa solid. If it were possible 
to collect the first precipitate free from mother liquid, we might settle 
the question, but the practical impossibility of doing this has caused 
us to abandon such methods of attacking the problem. A proof, to 
our minds almost conclusive, against the view that a solid compound 
of the formula CdZn exists, lies in the fact that the temperature, after 
freezing had commenced at 50 atomic per cents. of cadmium, was not 
particularly steady, so that the alloy cannot have solidified homogene- 
ously. In fact, at 50°7 atomic per cents. of cadmium, the eutectic 
temperature of 264°5° was well marked. This could not have been 
the case if a compound CdZn had been forming, for, in that case, there 
would have been little or no liquid left at the eutectic temperature. 


Zinc-Aluminium. 


Figure 2 (p. 404) gives a complete freezing point curve for these two 
metals. It is plotted on the same scale as figures 1, 3, 4 and 5, but to 
economise space the f. p. of zine and therefore the whole curve is 
shifted to a lower point on the page. The curve is essentially similar 
to that of zinc-cadmium. The eutectic alloy has a melting point of 
380°5° and contains 11 atomic per cents. of aluminium. 

We do not think that the curve shows an indication of chemical com- 
binations in any proportion. The very slight tendency to an inflexion 
near 40 atomic per cents. of zinc is very probably due to the fact that 
near here the two series of experiments starting from opposite ends of 
the curve meet. The losses of metal from oxidation might be expected 
to produce a fictitious raising of the curve which starts from the zinc 
end and to lower that starting from the aluminium end, in the exact 
way shown on the curve. 

Alder Wright * says that some alloys of these two metals separate 
into two liquid layers on standing for some time, but the form of our 
curve makes us doubt the accuracy of this statement. If it were so, 
the curve would resemble the zinc-bismuth curve in form. 

The zinc-cadmium and zinc-aluminium alloys were amongst the 
earliest that we examined by means of platinum resistance pyrometers, 
and the experimental error is perhaps larger than in the case of the 
other experiments described in the present paper. 


* Proc. Roy. Soc., 45, 
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Zinc-Bismuth. 


The zinc-bismuth curve, Figures 3 and 6 (p. 404), affords a typical 
example of the process of solidification for an alloy of two metals 
which are only partially miscible with each other. The curve shows 
that when bismuth is added to zinc the f. p. of the zinc is at first 
lowered by an amount which is nearly proportional to the weight of 
bismuth present, until 0°65 atomic per cents. bismuth have been 
added. A further addition of bismuth produces absolutely no effect 
on the f. p. until as much as 63:2 atomic per cents., that is, 84°5 per 
cent. by weight, have been added. A still further addition of bismuth 
produces a fall in the f. p. almost as rapid as that caused at first, and 
at the same time the freezing points, from being extremely steady 
stationary temperatures lasting for a long time without change, become 
very fugitive. After 80 atomic per cents. of bismuth, we could no 
longer detect these freezing points, but the eutectic f. p., again a very 
steady temperature, began to show itself. We have drawn, asa dotted 
line, a hypothetical continuation of the f. p. curve to the point where 
it meets the other branch. We are aided in determining the exact 
point of intersection by the fact that it must lie on the horizontal 
line of eutectic freezing points which are so easily determined. The 
curve shows that the intersection is close to 92 atomic per cents. of 
bismuth. 

Alder Wright * found that when alloys of zine and bismuth were 
allowed to remain for a considerable time at a constant temperature 
of 650°, they separated into two layers containing respectively 2°3 and 
85°3 per cent. of bismuth by weight. 

We have now to account for the long upper flat on the curve, reach- 
ing from 0°65 to 63 atomic per cents. of bismuth. This flat records 
the fact that between these limits the freezing point is quite inde- 
pendent of the composition of the alloy. But there is another 
peculiarity of this region. It is that each freezing point is a well- 
marked steady temperature remaining quite unchanged until a large 
amount of solid has been formed. In some cases, however, we watched 
the thermometer until the temperature of the mass began to fall 
again, and this took place before the alloy set to asolidmass. In this 
latter feature only does the process of solidification differ from that 
of a pure metal. 

We have already, in a paper about to appear in the Zransactions of 
the Royal Society, discussed a similar phenomenon.t We shall, therefore, 
here treat the point very briefly. The existence of the flat, and also 
the extremely steady temperature of each freezing point on it, are 


* Proc. Roy. Soc., 50, 388. 
+ See also Neville, Science Progress, iv., p. 4. 
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due to the alloy in this region consisting of a pair of conjugate liquids 
—azine saturated with bismuth and bismuth saturated with zinc. The 
composition of these conjugates is given by the atomic percentages at 
the ends of the flat. Each of these liquids remains unchanged in 
composition throughout the flat, but as the total percentage of bismuth 
increases, the alloy richest in bismuth grows at the expense of its 
conjugate. Moreover, both conjugates have the same freezing point 
and therefore, as the freezing proceeds, the residual liquid will still 
consist of the same two alloys. It will consequently not fall in tem- 
perature until one conjugate has wholly disappeared. When the con- 
jugate richest in zinc has gone, either through tke separation of solid 
zinc or the addition to the mixture of bismuth, we have a state of 
affairs represented by the second sloping line. Here, most probably, 
solid zinc is separating out of a solution of zinc in bismuth, and from 
the slope of the line it would appear that the latent heat of solution 
of zinc in such a mixture is almost the same as the latent heat of fusion 
of pure zinc. One of us has already drawn attention to the fact,* 
not then verified, that if such a pair of conjugate alloys be raised to 
a sufficiently high temperature it must become a uniform liquid. In 
fact, starting from the two ends of our upper flat, a dome-shaped curve 
could be drawn giving the critical temperature of complete miscibility 
of every alloy of zinc and bismuth. Whether there would be a well- 
marked thermal change at the moment when a homogeneous alloy 
began, through cooling, to separate into conjugates is doubtful: we 
have not hitherto been able to detect the phenomenon by means of 
our thermometers. Alder Wright’s values for the composition of 
the two conjugates at 650° give two points on the critical curve, and 
Spring and Romanoff f have lately found that for zinc-bismuth the 
summit of the critical curve is near 850°, whilst for the similar case 
of zinc-lead it is near 950°. 

Our curve seems to show that the change from the homogeneous 
liquid to the pair of conjugates and vice versa is a very sharp one at 
the freezing point ; hence the two sloping parts of the curve meet the 
flat in angular points. This is not the case for all alloys which 
separate into conjugates. 

It ought to be possible to continue the flat to the left beyond the 
angle at 0°65 atomic per cents. of bismuth, second or eutectic freezing 
points being found for alloys with less than this proportion of bismuth 
corresponding with the moment when the still liquid portion of each 
alloy has, by the separation of solid zine, reached the state of being 
saturated with bismuth. Unfortunately, we omitted to look for such 
points during our experiments. 

* Science Progress (loc. cit.). 
+ Zeit. anorg. Chem., 1896, 13, 29. 
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Zine-Tin. 


In Figure 4 (p. 404), we give the f. p. curve of these two metals plotted 
on the same scale as the zinc-bismuth, and lying nearly between the 
sime limits of temperature. There is here no angle except that which 
always occurs where the two branches of the curve meet at the lower 
eutectic point. The changes in curvature are all gradual, as we should 
expect in the case of two such metals as zinc and tin, whose alloys do 
not, under any circumstances, separate into conjugate liquids. In fact, 
the zinc-tin resembles the zinc-cadmium curve, but the first ten atomic 
per cents. of tin produce a more rapid curvature than is the case with 
cadmium ; and a shoulder at 50 atoms, which is barely perceptible in the 
cadmium curve, is well marked in that of tin. The shoulder is some- 
what exaggerated in the figure, owing to the fact that the two series 
of experiments which start from opposite ends of the curve, approach 
each other here, and through thermometric errors, or loss of metal by 
oxidation, do not quite meet. We cannot however see, in any feature 
of the curve, an indication of the existence of chemical compounds 
such as the SnZn, that Alder Wright believed to exist. 

Considered from the point of view of the physical theory of solu- 
tion, it would appear that, as the solution becomes more concentrated, 
the atoms of tin tend to form larger aggregates to a greater extent 
than do those of cadmium. In fact, zinc-tin approximates more to the 
condition of zinc-bismuth than does the cadmium alloy. We are per- 
haps too much in the habit of regarding as a perfect solution any 
liquid mixture which does not separate into conjugates. On the con- 
trary, there is probably an infinite series of gradations between that 
perfect state of solution in which the dissolved body, whatever may 
be its relation to the solvent, is divided into single atoms or molecules, 
and that-in which it is on the point of separating in drops from the 
solvent liquid. We may expect to see these degrees of dissolution 
reproduced in the freezing point curves as well as in other physical 
properties. 

In connection with this subject, it is not without interest to com- 
pare the preceding curves with Figure 5, which is the ideal f. p. curve 
for zine containing another metal in solution. This curve is calculated 
from Le Chatelier’s equation, 


where « is the concentration of zinc (the atomic percentage divided by 
100), A is the latent heat of fusion of an atomic weight of zinc, and 6, 
and @ are the freezing points, reckoned from absolute zero, of pure zinc 
and of the alloy respectively. The equation assumes that the molecular 
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condition of both metals remains the same throughout as it was in the 
dilute solution, and that the heat of solution of the zinc in the alloy at 
the lower temperature remains the same as the heat of fusion of 
the pure zine at 419°. The rapid divergence of the real curves from 
Figure 5 shows how far these assumptions are from being true. 


Thallium, Lead, Antimony, Magnesium, and Nickel in Zine. 


We have (No. 2) carried our experiments on the addition of thallium or 
lead to zinc very far, for Figures 8 and 9 and Tables VII and V show 
that these two curves, if completed, would closely resemble that of 
zinc-bismuth. In all three cases, the addition of the second metal 
soon causes the alloy to separate into two conjugates, and we have the 
phenomena of the long upper flat repeated. So far as our experiments 
enable us to decide, we see from Figure 9 that zinc is saturated with 
thallium at the freezing point, when 0°45 atomic per cents. of the latter 
metal are present, and that the f. p. of the zine is thereby lowered 
by 2°3°. 

Similarly, Figure 8 shows that the zinc-lead alloy, at its freezing 
point, is saturated with lead when 0:26 atomic per cents. of lead are 
present, the temperature on the flat being 1°6° below the f. p. of pure 
zinc. 

The zinc-antimony curve of Figure 7, although similar in appearance to 
the two preceding, records a different phenomenon. - Here, the angle 
at 412°6° and 1°25 atomic per cents. of antimony gives the lower 
eutectic f. p. and the composition of the eutectic alloy, and, as in the 
cease of zinc-aluminium, there must be another branch starting from 
the eutectic angle and running up towards the f. p. of pure antimony. 
This curve would probably be worth completing. 

In drawing the antimony curve, but little weight is given to the 
second reading at 0°365 atomic per cents., as the atomic fall deduced 
from it is obviously inconsistent with the others. Similarly, the 
second and third readings at 0°799 atomic per cents., taken after a 
night’s interval, and after re-melting and heating the alloy to a red 
heat, have not so much value attached to them as the first. 


Zinc- Magnesium. 


This curve was not traced to saturation ; in fact, the part examined 
is nearly a straight line. A peculiarity of this curve lies in its steep- 
ness. From the beginning to the last experiment, the atomic falls 
caused by magnesium are greater than those due to any other metal. 
This is more remarkable, as the magnesium might be expected to 
oxidise more readily than the other metals, and losses from this cause 
would make the observed depressions too small. 
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Zinc-Nickel. 


A very small addition of nickel to zinc lowers the f. p., but the 
limit is soon reached, and further additions of nickel produce no effect. 
The depression was too small to admit of trustworthy measurement. 


Dilute Solutions and the Heat of Fusion of Zine. 


In Figures 6 to 12 (p. 404), the dilute solutions of the metals, whose 
alloys with zinc we have discussed above, are given on a larger scale 
than the complete curves. This plan enables us, as in the case of 
antimony, to reject unsatisfactory observations and to read off the mean 
atomic fall. 

If we wish to deduce from our results the latent heat of fusion of 
zinc, we are warned, by the rapid way in which the curves of Figures 
1 and 4 rise above Figure 5, that it is useless to consider solutions 
containing more than one or two atomic per cents. of dissolved metal. 
But dilute solutions present special difficulties. We have first the 
difficulty that the temperature differences measured are small com- 
pared with the probable error of experiment. This shows itself in 
the irregularity of the atomic falls for very dilute solutions ; but 
when the conditions are favourable, asin the bismuth, the lead and the 
last of the tin series, we think the temperature differences of the 
early parts of each series, found probably within an hour of each 
other, may be trusted to within a very few hundredths of a degree. 

A more serious difficulty is the tendency for the observed atomic 
falls in very dilute solutions to be abnormally large. This peculiarity 
is evident in the tin experiments, Table IVa (p. 392). Series 3 of this 
table was carried out much later than the others to verify the fact. 
We have here to deal with a phenomenon that has been one of the main 
causes of error in modern cryoscopic work, and which was first dis- 
cussed in a systematic manner by Nernst and Abegg.* As we do not 
in our work surround the alloy by a bath of constant temperature, a 
“convergence temperature ” does not, strictly speaking, exist, but since 
the furnace and the other bodies which are in thermal communication 
with the alloy are at a lower temperature than it at the moment of 
reading the f. p., we may regard the quantity ¢ —¢, in their formula T 

’ ki 
t = 7,— Zt — t,) 
as necessarily positive. It follows that ¢’, the observed f. p.,is lower than 
T., the true f. p. or equilibrium temperature. This applies to pure zinc 
as well as to the alloys, but Nernst and Abegg found that A for pure 
water was much greater than for a solution, while & was probably the 
same for both. For similar reasons, X for a pure metal would probably 
* Zeit. physik. Chem., 1894, 15, 681. 
+ Where t. is the convergence temperature, and KX and & are constants depending 
on the nature of the substance. 
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be greater than for an alloy. In other words, our observed depressions 
must be greater than the true ones. The resulting error appears to 
affect the atomic falls of dilute solutions most seriously. It is clear, 
therefore, that we cannot hope to obtain a very accurate value of the 
latent heat from the experiments we have hitherto made. But it 
would not be impossible, by modifying our arrangements, to find 


K and k, and so largely increase the accuracy of the results. 


The question now arises how to deduce the most probable value of 
the atomic fall from the numerous observed values. If we take the 
arithmetical mean of the atomic falls given in the tables, we attach 
undue importance to the experiments on very dilute solutions where 
the experimental error is large. We think it a good plan to divide 
the arithmetical mean of the depressions, taken from column 3 of the 


tables, by the arithmetical mean of the atomic percentages taken from 
column 2. We thus give to each experiment a weight in the result 
proportional to the temperature interval measured in it. We must 
confine ourselves to those early experiments for which the f. p. curve is 


a straight line. Thus, for bismuth, we have, from Table IIIa (p. 390), 
Series 1 and 2, the following. 


Atomic per cents. Depressions of f. p. 
0°139 } 0°70° 
0°262 1°27 
0°386 1°86 
0-063 | 0°34 
0°187 | 1°09 


This gives a mean depression of 1:052° for a mean concentration of 
0°2075 atomic per cents., or an atomic fall of 5°07. 


Applying this method to each of the other metals, we get the 
following table. 


| 
| 
| 


| 
Metal. Po sel Mean atomic | Mean depres- | Mean atomic 
| centage. percentage. | sion. | fall. 

Bismuth ............ 0°386 0°2075 1052 5:07 
Antimony ™ ......:.: 0°799 0°4377 2°247 5°13 

», from curve 0°500 0°500 | 2°60 | ey 
BM exscosnvessncesse | 0°200 0°150 0°78 x 
Thallium ............ 0°393 02595 | 1285 | 4°95 
, | Se eer 1°187 0°655 | 3°497 5° 
Magnesium ......... 0°975 0°655 3°572 5°45 
Cadmium............ | 1464 0-732 | 8877 | 4°61 
Aluminium ......... | 0°99 0°99 4°10 | (4°14) 


: 


* Here we have taken the mean reading at 0°365, and also the mean reading at 
0°799, otherwise too much weigh t would have been given to these concentrations. 
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The last column in this table shows a good deal of discrepancy 
between the mean atomic falls for the various metals, the most diver- 
gent being the cases of magnesium, cadmium, and aluminium. The 
large atomic falls shown by magnesium in zinc have a different char- 
acter from those of tin. It will be seen from Table VIII (pp. 395-6) 
that they have been verified by repeated experiment, and that, instead 
of diminishing, they are either constant or increase with increasing cor- 
centration. A possible explanation is that the magnesium is combining 
with the zinc, but we do not feel satisfied that we have here the true 
explanation. In our early experiments, in which tin was used as a 
solvent, cadmium gave a smaller atomic fall than most other metals, 
so that we may perhaps regard it as a peculiarity of this metal to do 
so. But, in some experiments in which cadmium was dissolved in zine 
which had been contaminated with about 1 per cent. of platinum, we 
obtained for cadmium the atomic falls 4°8 and 4°9, which are not very 
far from the average for other metals. The case of aluminium is 
different, in tin it gives only half the normal depression, and here it 
deviates so much from the others that we think we are justified in 
rejecting its value as, from some unknown cause, too low, 

In the above table, we have placed a bracket round the atomic falls 
that we do not propose to use in getting the final mean. 

The remaining numbers must be regarded as a priori equally prob- 
able, and therefore their mean ought to be found by the method of 
least squares, but their accuracy hardly justifies so refined a method. 
We have, therefore, taken their arithmetical mean, which is 5:11°. As 
this is at a mean concentration of half an atom, we may use the equa- 
tion for dilute solutions 

56 = 0:0198 67/A 
to obtain the latent heat. Here, 86 = 5:11° the atomic fall, 6 = 273° 
+ 419° = 692° the melting point of zinc on the absolute scale, and A 
is the latent heat of fusion of an atomic weight of zinc. 

From these data, we find that the latent heat of fusion of a gram of 
zinc is 28°33 calories. This number agrees very well with Persons’ 
valne of 28°13, but it would have been easy, by leaving out cadmium 
or magnesium, or by using the numbers from rather more concentrated 
solutions, to obtain a result which differed by several yer cents. from 
the above. 
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Section II. 
Metals which raise the Freezing Point of Zinc. 


We have found that silver, gold, copper, and perhaps platinum, in 
however small a quantity they are added to zinc, at once raise the f. p. 
and apparently cause the whole mass of metal to solidify above the 
f. p. of pure zinc. 

In the case of gold, copper, and platinum, we have only studied dilute 
solutions, but all alloys of silver and zinc have been examined. We 
shall, therefore, begin by discussing the experiments with zinc-silver. 
The results are given in Table IX, and in Figures 13, 14, and 15 
(p. 422). 

In the first four series, in which the temperature rarely rose so 
high as 600°, we determined the composition of each alloy by calcula- 
tion from the weights of metal which had been placed in the crucible, 
but this method began to be untrustworthy in series 3 and 4, on account 
of the oxidation of the zinc. In series 9, also, which, chronologically, 
was an early series, the composition was deduced from the weights 
added, and it is a little curious that when once the zinc has been 
stirred into the molten silver, there is, in dilute solutions of zinc in 
silver, very little further oxidation. But in the middle part of the 
curve, the burning away of the zinc was continuous, and it became 
quite clear that the composition of the alloy must be determined by 
analysis ; we therefore, at first, after every few readings of the f. p., 
and finally just before each reading, extracted samples of the alloy for 
analysis. This was done by means of pipettes made from somewhat 
thick-walled Jena glass tubes. One end of the tube was thickened 
and drawn out to an almost capillary opening. The lower part of the 
pipette was heated to a faint-red heat, and dipped in the alloy ata 
moment when the latter was 20 or 30 degrees above itsf. p. The 
necessary amount of alloy was then sucked up into the pipette and 
withdrawn. The glass became very soft at the higher temperatures if 
left long in the alloy, but by carrying out the operation rapidly this 
method of extraction was possible even at the melting point of silver. 
The samples of alloy were in the shape of thin rods of a very con- 
venient form for examination. 

A portion of each sample was weighed, dissolved in nitric acid, and 
its content of silver estimated by ammonium thiocyanate solution which 
had been carefully standardised on the same silver as that used in the 
experiments. The graduated instruments employed had been tested 
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by the Berlin physikalishe Anstalt, and the control analyses agreed, 
as a rule, to within very nearly 1 in 1000. The percentage of zinc 
was obtained by subtracting that of silver from 100. It is obvious 
that this method ceases to be satisfactory when the percentage of zinc 
is a small one ; hence the first result of Series 11 (p. 412) is not more 
trustworthy than that of Series 9 (p. 410). 


TABLE [Xa. 


SILVER ADDED TO ZINC. 


Series 1. 300 grams of Zinc. 


Percentage of silver Atomic percentage Freezing point 
present. of silver. centigrade. 

0 0 418°8 
0°164 01 419°23 
0°328 0'2 419°64 
1°14 0°7 421°9* 
1°94 1°19 424°35 
3°50 2°15 | 429°70 


The silver used in this series was prepared by Stas’ method. 


* At this stage, the alloy was heated more than 100° above the freezing point of 
zinc, in order to bring the silver into solution. At the recorded temperature, a 
precipitate began to form, and at the end of 5 minutes, the temperature having 
fallen less than a degree, almost the whole mass had become solid from the bottom 
upwards. 


In plotting this series, we have added 0°8° to all the freezing 
points to make the freezing point of zinc the same as in Series 2 and 3. 


Series 2. 200 grams of Zinc. 


0 | 0 | 419°7 
4°78 2°96 430°4 
9°15 5°76 497°6* 


%» %s 429°8 


* A well-marked, unmistakable point. 
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Series 3. 150 grams of Zine. 


Percentage of silver Atomic percentage Freezing point 
present. of silver. centigrade, 
0 0 419°6 
4°11 2°53 441°0* 

* Pe 430°4+ 
7°08 4°42 478°7 
a - 430°4t 
8°50 5°33 495°2 § 
>> D 439°0 
13°76 8°83 538°3 || 
a - | 429°1 7 


* Here the rate of cooling became twice as slow. 

+ Here the rate of cooling became three times as slow, and a precipitate began to 
form. After a fall of two or three degrees below this point, the alloy was a solid 
mass. The period of constant temperature at the freezing point is not so prolonged 
as in the case of ewtectic points. 

+ The alloy becomes a thick paste before this point is reached, but at this point 
the rate of cooling becomes three or four times as slow as immediately before, to 
quicken again after the freezing point of zinc is reached. 

§ The mass soon gets pasty after this point. 

| Here the rate of cooling became for a few degrees twice as slow as before, but it 
gradually became quicker, and attained its previous rate before the lower point was 
reached. 

‘I Here the halt in the cooling, though well marked, was more fugitive than with 
solutions containing less silver. 


Towards the end of this series, we began to notice some oxidation of 
the zinc. 


Series 4. 120 grams of Zine. 


19°82 13°04 571°3* 
24°84 16°71 593°9 


* This is a well-marked point, the rate of cooling becoming nearly three times as 
slow as before the point. After the freezing point, stirring soon becomes impossible. 

All the silver seems to dissolve below 600°, and at this temperature 
carbon appears to reduce the zinc oxide. 


Series 5. Silver added to Zinc. 


This series was commenced by melting together 120 grams of zinc 
and 40 grams of silver. After taking the freezing point, more 
silver was added, the total weight of silver present being recorded in 
column 1. 

At the end of the series, the percentage of silver in the alloy was 


er 
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found by analysis to be 37°65 per cent. This corresponds to 26°83 
atomic per cents. 

If we assume, what is very nearly true, that no silver was lost 
during the experiments, we can, from the result of the final analysis, 
calculate the weight of zinc left in the alloy, it is 115-9 grams. Thus 
4*1 grams of zine have been lost by oxidation during the experiments. 
This loss distributed equally over the four experiments gives us 
column 2, the probable weight of zinc present at the moment of 
reading each freezing point. 


1 2 3 4 5 

, Probable go: Atomic : , 
silver Sresent, | Weight of zine | TENS °F | percentage of | “Centigndde, 

—s present. ’ | silver. _— 

fae Tees | | 

40 =| «118-97 2516 | 1695 | 5923" 

50 | 117°95 | 29°77 20°47 | 608°2* 

60 116°92 33°92 23°75 619°5* 

70 ; 11590 | 87°65 | 26°83 =| =—-_-6 26 “8 


* All well-marked freezing points. 
t+ Here the alloy sets to a solid mass at a temperature but little below the freezing 


point. 
Series 6. Silver added to Zine. 

One hundred and fifty grams of zinc and 42-02 grams of silver were 
melted together, and additional quantities of silver added before each 
reading of the freezing point. 

The composition of the alloy was determined by extracting a sample im- 
mediately before each freezing and determining the percentage of silver. 


1 2 3 
Percentage of silver | Atomic percentage of Freezing point 
present. silver. centigrade. 
22°16 14°73 580°9 
28°88 19°77 606°0 
34°19 23°97 620°4 
37°27 | 26°50 626°4 
39°76 28°59 630°0 
41°80 30°36 636°1 
46'73 | 34°74 654°4* 


* Less than a degree below the freezing point, stirring becomes impossible on 
account of the abundance of precipitate, but in this and the three preceding experi- 
ments the alloy is very fluid at the freezing point. All the points in this series were 
well-marked, steady temperatures. 
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Series 7. 
140°1 grams of zinc and 112°0 grams of silver melted together, 
additional quantities of zinc added, and the percentage of silver 
determined by analysis as before. 


Percentage of silver Atomic percentage of Freezing point 
present. silver, centigrade. 


33°31 649°5 

32°03 644°5 

30°67 | 638°1 
| 29°39 631°2 
| 


After the last reading, and without re-melting, we extracted some of 
the still liquid alloy and found in it 40°39 per cent., that is, 29°13 
atomic per cents. of silver. 


Series 8. Silver added to Zine. 

This series was carried out in the same way as Series V., beginning 
with 100 grams of zinc and 70 grams of silver. 

The analysis of the alloy at the termination of the series showed 
that it contained 64:37 per cents. of silver. Hence, assuming no loss 
of silver, we find a loss of 14:21 grams of zinc. Distributing this 
loss equally over the experiments, we are able to obtain column 2 
and to complete the table. 


1 


Weight of Probable Percentage Atomic 


Freezing point 


weig zinc i g : 
eight of zinc __ of silver by percentage of centigrade. 


silver presént. : : 
I present. weight. | silver. 


70 97°97 41°68 | 80°25 
80 95°94 45°47 33°60 
90 93°91 48°94 36°77 
100 91°88 52°12 39°78 
115 89°85 56°14 43°72 
130 87°82 59°68 47°33 
155 85°79 64°38 52°30 


Series 9. Zine added to Silver. 
200 grams of Silver. 
On each occasion when the zinc was dropped into the molten silver 
a little zine was seen to volatilise and burn, but after the molten alloy 


411 


METAL. 


ANOTHER 


CONTAINING ZINC AND 


had been stirred, no further burning of zinc was noticed while the 
solution was dilute in zinc. We thought that there was a more rapid 
and irregular loss of zinc during the latter part of the series. From 
this cause, or for some other reason, the freezing points of this series 
deduced from the weights of metal used do not lie on a smooth curve. 
This might be due to a real singularity in the curve, but as the first 
five points of this series agree very well with Series 10, whilst the later 
points do not, we are disposed to think that after 21°9 atomic per 
cents. of zinc there is an experimental error in Series 9, probably 
due to irregular and more rapid burning of zinc. We, therefore, only 
use in drawing the curve the first five points of Series 9, and the 
last point which, being based on an analysis, is trustworthy. This 
analysis might be used to correct the weight of zinc present at the 
previous readings, as was done in Series 5 and 8, but owing 
probably to the irregular rate at which the zine was lost, this method 
of correction does not improve matters. 

In column 1 we give the nominal weights of zine in the crucible, 
assuming no loss. These are, of course, all greater than the true 
weights, and therefore a curve plotted from them must lie above the 
true curve. The true weight of zinc present at the last reading 
was 120°35, and it is from this number that the last percentage of 
zine is calculated. 


Percentage weight Atomic percentage Freezing point 


Total weight of zinc 


present. of zine. of zine. centigrade. 

0 0 0 958°9 
6°13 2°97 4°81 926°9 
11°22 5°31 846 900°7 
22°88 10°27 15°86 849°1 
34°05 14°55 21°90 808°6 
50°20? 20 06 29°26 763°9 

57°72? 22°40 32°2 750°9* 
65°62? 24°70 35°1 734°5 
78°52? 28°19 39°3 711°1 

92°67? 31°66 43°3 706°8t 
10787? 35°04 47°06 703°0 

132°07 ? 37°57t 49°79¢ 695°7t 


* A soft precipitate was noticed some little time before the freezing point was 
read, and this point became here a steadier temperature than with less zine. 

+ A very steady temperature. 

+ The composition determined by analysis. 


Series 10. Zine added to Silver. 


This series contains a number of points determined by analysis and 
marked a in the fourth column of the table, and also a number of points 
for which the percentage composition is corrected by the following 
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analysis as in Series 5 and 7. Each sample taken out of the 
crucible for analysis was weighed, and hence, assuming that there was 
no accidental loss of silver, we were able to form column 1 of the 
table, the weight of silver present at each reading of a freezing point. 

Column 2 gives the weight of zinc added to or taken from the 
crucible immediately before each reading. 

Column 3 gives the weight of zine present, deduced from analysis 
or corrected by analysis. 

Column 4 gives the percentage by weight of zinc, and column 5 the 
atomic percentage. 

Column 6 gives the freezing point. 


1. | 2. | 3. 


| a Pg oath’ | Percentage Atomic Freezing 
: l | of-zinc by | percentage point 


before each | corrected by | ° : - 
: : weight. of zinc. , 
experiment. | analysis. eignt _ centigrade 


Weight 
of silver 
present. 


0 959°2 
19°20 764°0 
21°87A 742°0 
” 745'1 
23°79 728°1 
25°91 711°6 
27°40 707°6 
29°92A 705°1 
” 705°8 
32°41 702°2 
35°66 697°5 
38°84A 691°2 
9 692°8 

43°90 679°8 

47°55 A 667°5 

re 669°3 

142°82 51°69 A 657°2 
102-77 | m 658-0 
13243 | 57°9BA 636°5 
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Series 11. Zine added to 200 grams of Silver. 


In the Fletcher blast furnace with coal-gas burning over the surface 
of the metal. 

The composition of the alloy was determined immediately before 
each reading by extracting a few grams with a Jena glass pipette, 
and estimating the silver with ammonium thiocyanate. 
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Percentage of zinc Atomic percentage Freezing point , Atomic 
by weight. of zine. centigrade. fall. 
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26°86 705°6 


* This temperature was known to be a little too low at the time of reading. 

+ This and the other numbers in brackets are eutectic freezing points, below the 
first freezing point, and correspond to the moment when that part of the alloy which 
is still liquid has, through the separation of solid silver, reached the composition 
of 37°5 atomic per cents. of zinc. These freezing points, especially the last two, 
were very constant temperatures. 

The table, as always, gives the observed freezing points, but in drawing the curve 
we shall add 1°4°C. to each one in order to make the freezing point of silver 959°C., 
as in Series 9 and 10. 


Series 12. Zine added to Silver. 


Conditions similar to Series 11, composition of alloys found by 
analysis. 


Percentage | Atomic percentage 


: ; - Freezing point. 
weight of zinc. | of zine. —_— 


41°65 

42°72 

44°68 

46°76 

47°48 

52°40 

56°63 
636°4 (some indications of a 

stop here). 

637°9 very steady. 
630°6 ditto. 
628°8 
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The Zine-silver Curve. 

This curve (Figs. 13, 14, 15, p. 422) presents several peculiarities ; 
indeed, it is the most remarkable curve we have as yet examined. 

From pure silver to 37'5 atomic per cents. of zinc, the experiments 
allow us to draw it as very nearly a straight line; there is a per- 
ceptible upward concavity after 20 atoms of zinc, but it is very slight. 
We are not quite certain, however, that a minute cryoscopic examina- 
tion of this part of the curve might not reveal further details in it. At 
37°5 atomic per cents. of zinc, there is an abrupt angle, and the curve 
becomes for a short time nearly horizontal, the depression produced by 
the next few atomic per cents. of zine being very slight ; but the slope 
slowly increases so that the curve, while always tending downwards, is 
convex. Near 61 atomic per cents. of zine there is an obtuse angle, 
and from this point another, but shorter, convex branch proceeds, end- 
ing in a somewhat more pronounced obtuse angle at 70°5 atomic per 
cents. of zinc. From this last angle, the curve, always convex, sweeps 
downwards with increasing steepness to near 98 atomic per cents. of 
zinc, Where another obtuse angle occurs. From this angle down to the 
melting point of zinc, we have drawn it as a straight line, though there 
are perhaps hardly enough experimental points to justify us in doing 
so. Figure 14 shows an independent series of experiments, carried out 
in order to confirm the two middle angles. The points of this series 
are not plotted on the main curve, but are shifted 25° lower down, 
so as to distinguish them from the others. It will be seen that 
Fig. 14 completely confirms the accuracy of the main figure, putting 
the position of the angle at 70°5 atoms beyond question. Unfortu- 
nately, no experiments were made between 60 and 63 atoms, so that the 
angle near 61 atoms, though both figures show its existence, is not so 
accurately located. 

The curve above described is that of the first freezing points of each 
alloy, recording the temperature at which the alloy begins to pre- 
cipitate solid matter. Our figures also show that second freezing 
points were detected between 32:5 and 36:5 atomic per cents. of zinc. 
These second freezing points are identical with the first freezing point 
of the alloy containing 37:5 atomic per cents. of zinc. Each of these 
was a very constant temperature lasting for a long time without 
change, so that a large amount of solid matter must form here without 
change in the composition of the residual liquid. Probably more of 
these points still further to the left could have been found had they 
been looked for. These second freezing points occurring long after the 
first f. p., indicate the moment when, through the separation of matter 
richer in silver than the liquid, the still liquid part of each alloy 
attains the composition of 37:5 atomic per cents. of zinc. We looked 
for such second freezing points to the left of the angles at 61 and 
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70°5 atomic per cents. of zinz, but, with one doubtful exception, we 
failed to find any. 

From 90 to 98 atomic per cents. of zinc, a well-marked horizontal 
row of second freezing points is seen. A good deal of solid matter 
separates before the temperature falls to the level of these second 
freezing points, but they are well-marked, very stationary tempera- 
tures, becoming steadier and steadier with each addition of zinc. They 
are hardly so steady as a eutectic point, but a degree or two below 
them the alloy sets to a solid mass. 

The first f. p. differs a good deal in character at different parts of 
the curve. That of pure silver is a very constant temperature, but 
when a few per cents. of zinc have been added, it is much more fugitive. 
At about 32 atomic per cents. of zinc, we noticed that the period of 
constant temperature at the f. p. became longer. On the almost 
horizontal portions of the curve which occur immediately to the right 
of each of the first three angles, there is a prolonged halt in the cooling 
at the f. p. For example, at 65°3 atoms of zinc the alloy appeared to 
solidify at a constant temperature, and at 73:2 atoms it was noticed 
that the alloy set toa hard mass at or very near the f. p. At 70°5 
atoms of zinc, the f. p. was very steady, and at 40 atoms the period of 
constant temperature at the f. p. was prolonged. It is clear that, 
wherever we see the curve to be nearly horizontal, we can predict that 
the freezing point will be marked by a very steady temperature, for 
much solid matter must form before the composition of the liquid can 
alter sufficiently to change the f. p. perceptibly. The converse is not, 
however, true, for between 98 and 100 atoms of zinc the freezing point 
curve is a line sloping rapidly downwards, whilst each freezing point 
is an absolutely constant temperature at which the whole alloy solidi- 
fies. We noticed a peculiarity similar to this in the freezing points of 
cadmium containing a little silver. From 80 to 98 atoms of zinc, the 
upper freezing point is very fugitive, and it is clear that very little 
solid matter is formed at the f. p. 


Description of the Silver-zine Alloys. 

The samples of alloy extracted for analysis were broken by repeated 
bending, or, when necessary, by hammering. We thus obtained a 
rough estimate of the degree of toughness or brittleness of the speci- 
men, and were able to examine the fractured surface with a lens. 
There was also sometimes a free surface where the alloy had solidified 
in contact with the air. It is known that the information that can be 
gained from such an examination is very complicated and much affected 
by the rates at which the metal has cooled, but a few features struck 


us as worth recording. 
From pure silver to 34:3 atomic per cents. of zine, the alloy is fairly 
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malleable, requiring to be bent to and fro a good many times before it 
breaks, but at 35°3 atoms it is much more brittle, still more so at 36°5, 
still brittle at 37:7, but at 41°3 it has become tough. At 51°15 it is 
highly brittle, scarcely bending at all, in fact, becoming still more 
brittle up to 60 atomic per cents. of zinc, when it crushes like glass. 
It is still brittle at 64°48, but at 69-5 it is quite tough, and this tough- 
ness, while diminishing somewhat, is present up to 72 atoms of zinc. 

In other words, with the curve before us we may say that the alloy 
is malleable or tough up to near the first angle, but that a few per cents. 
before and up to the angle it becomes brittle. Its character im- 
mediately after the angle, we do not know, but at 41°3 it is malleable 
and tough, thence it gradually becomes more brittle, until a maximum 
of brittleness is reached at 60, just before the second angle. The 
brittleness persists, though not so markedly, until near the third angle, 
but close before this, at 69-5, it is not at all brittle and, as far as we 
have examined, there is some toughness. 

The fractured surfaces were finely grained at first, but at 18-5 atoms 
of zinc there was a trace of conchoidal fracture. From 25:5 atoms 
almost up to the angle, most of the alloys showed on the fractured sur- 
face, and on any free surface, dendritic crystals, the minor leaflets 
standing out like the teeth of a comb at right angles to a central rib. 
At 31°6 atoms of zine, the whole fracture consisted of such crystals in 
very high relief. Beyond the first angle, we found no trace of these 
crystals. 

Close to the first angle, at 37-7, the fracture showed an irregular 
pitted surface, at 41°3 the grain is much finer. At 51°15, the alloy 
breaks as if the larger units of structure were polyhedra with plane 
faces a millimetre or more in size. Each of these faces is minutely 
pitted. Another portion of thisalloy, when broken with a hammer, 
showed red crystals in a cavity.* This alloy does not give one the im- 
pression of being homogeneous. At 54 atoms of zinc, the fracture is rock- 
like, or perhaps more like that of galena. From 59 to 63 atoms, all the 
alloys we examined had a conchoidal fracture with a brilliant glassy 
surface, no texture or crystals were visible, and the alloy seemed to be 
perfectly homogeneous. This is the region of the alloys that are as 
brittle as glass. At 64°5 atoms of zinc, the conchoidal fracture has 
quite disappeared, and the fractured surface consists of a confused mass 
of minute, short, crystal faces. From here up to 69 atoms, the fracture 
gets coarser and is like cast iron, but just beyond the angle, at 70:5, the 
conchoidal fracture shows itself again, not, however, so strikingly as at 


* Alloys whose composition is near that indicated by the formula AgZn, although 
under ordinary circumstances of a silver white colour, become externally bright red 
when heated to 300° and suddenly cooled. We have discussed this phenomenon in 
a paper read before the Cambridge Philosophical Society in November, 1896. 
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the previous angle. We have not examined in this manner the alloys 
with higher percentages of zinc. 


Discussion of the results. 


While certain features in this remarkable curve need further ex- 
periment before they can be satisfactorily explained, we can arrive at 
some conclusions from the facts already ascertained. There can be no 
doubt that the angles at 61 and 70°5 atomic per cents. of zinc indicate 
the existence of at least two chemical compounds of zinc and silver. 
But the formule of these compounds appear to us very uncertain. The 
angles show that they are not wholly dissociated into their constituent 
metals at the melting point of the alloy, but that they are, to a large 
extent, so decomposed is rendered probable by the absence of eutectic 
minimum freezing points at the two angles, and by the continual down- 
ward trend of the curve, which nowhere shows a maximum freezing 
point. If the compounds were quite stable at the temperatures at 
which the alloy melts, a maximum freezing point, or intermediate 
summit, would occur in each convex branch of the curve, and the com- 
position of the alloy at this summit would tell us the formula of the 
compound. But the partial dissociation of the alloy degrades the 
summit, so that it‘becomes difficult to locate it, although it will probably 
not shift its position to right or left.* We must, therefore, abandon the 
hope of reading with certainty from the curve the formule of the 
chemical compounds that the metals can form; although it is obvious 
that such formule as Ag.Zn,, AgZn, Ag,Zn,, AgZn,, Ag.Zn;, AgZn,, 
are fairly consistent with what we as yet know. In previous papers, 
we have more than once expressed the opinion that most chemical com- 
pounds which metals form with each other dissociate to a very large 
extent on melting, and the more cases we study the more convinced we 
are that this is the case.f 

The microscopical study of the alloys and the determination of the 
points on the curve at which the alloy solidifies homogeneously may 
help us to fix the formule of the compounds. The first of these two 
investigations, we have not yet had time to attack, but should it appear 
that others are not engaged on it, we hope to attempt it. The some- 
what cursory examination of the alloys already made shows that near 
and on both sides of the angle at 61 atoms of zinc the alloy is strikingly 
homogeneous, and that this is also the case immediately to the right of 
the angle at 70°5 atoms. The conchoidal fracture is similar at these 
two points and absent elsewhere. In fact, without having seen the 
curve one could, from the physical properties of the alloys, pick out. 

* See Heycock and Neville, ‘‘The Freezing Points of Triple Alloys,” Trans.,. 


1894, 65, p. 70. 
+ See also Foerster, Natwrwissenschaftliche Rundschau, 1894. 
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these two points as similar and specially remarkable. The period of 
constant temperature at the freezing point is also very prolonged here. 
But all these features can be explained in at least two ways,—either 
the angles are eutectic points, in which case the alloy solidifying, though 
not a chemical compound, is necessarily very homogeneous, or else, in 
opposition to the simpler theory of the freezing point curve, they cor- 
respond to chemical compounds. Assuming dissociation, the occurrence 
of an angle at the formula of a compound that really exists in the solid 
state does not contradict the theory. 

The fact that an alloy appears to solidify at a constant temperature 
may be due to one of several causes. 

1, The liquid alloy may consist of two conjugate liquids, as in the 
case of zinc-bismuth. We are not at all sure that the first angle at 
37°5, together with the flat to the right of it, may not be due to this 
cause. 

2. The alloy may be an ordinary eutectic alloy, or, to speak more 
generally, the solid forming may consist of two conjugate solids. 
These two cases may be brought under one heading, but with this 
difference, that in case (1) the eutectic alloy occurs above the melting 
point of the more fusible metal, while in case (2) it occurs at or below 
this melting point. 

3. The solid forming may be a definite compound of the same com- 
position as the liquid from which it is separating. This may be the 
explanation of the steady temperatures at 61 and 70°5 atoms of zinc. 
We should expect this to happen at a summit corresponding to a stable 
compound, but we have not yet found such a case; gold-aluminium 
and some other aluminium alloys would very probably afford instances 
of this. 

4. The two substances present in the liquid alloy may be solidifying 
isomorphously in the same proportion as that in which they are present 
in the liquid. It has occurred to us that the short line, from 100 to 
98 atomic per cents. of zine, which, if produced, passes nearly through 
the f. p. of pure silver, may indicate that, in this region, the zinc and 
silver are separating isomorphously. But this point, like the similar 
cases of zinc-gold and zinc-copper, is one that needs further investiga- 
tion. It may be that the isomorphism is not between zinc and silver, 
but between zinc and a compound of silver and zinc. In the very 
similar case of dilute solutions of silver in cadmium, we found that the 
solid separating at first contained more silver than the mother liquid. 
This rather points to the probability that the substance separating 
between 100 and 98 atoms of zine is a solid solution, in which case, as 
Van’t Hoff has pointed out, the straight line of freezing points would 
prove that Henry’s law holds good between the concentrations in the 
solid and the liquid phases. 
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TABLE X. 
Gold added to Zinc. 


In a Fletcher draught furnace, in a cylindrical clay crucible 
imbedded in a larger Salamander crucible, the space between being 
filled with broken fragments of crucible. Coal gas burning over the 
surface of the metal. Hand-stir with clay ring stirrer. 


250 grams of Zine. 


Percentage weight Atomic percentage Freezing point 
of gold. of gold. centigrade. 
0 0 418°79 
0°296 0'098 419°29 
0°903 0°302 419°93 
4°02 1°374 423°50* 
5°94 2054 425°81 
9°40 3°33 430°00t 
13°06 4°754 431°75t 
‘i % 432°2 
" 431°65 
16°16 6°015 461°34 

a i 431°42§ 
: Na 462°26|| 
2 . 431°719 


* No precipitate was noticed at the moment when the f. p. was read, and the 
liquid seemed very fluid, but after this, at the same temperature, the alloy becomes 
solid. 

+ No precipitate was noticed for some time after reading the f. p., but finally a 
precipitate formed while the stirring was still easy. The f. p. is still well-marked 
here, but not so constant as with less gold. 

+ Also marked decrease in rate of cooling at 444°13°, another time at 444°71°. 

§ Marked decrease in rate of cooling accompanied by formation of precipitate at 
461°8° 

No precipitate could be detected at the point here recorded, but soon after it 
formed freely and the whole mass became pasty, so that stirring was impossible. 

‘| A very steady temperature. 


The gold was dropped into the liquid zinc in these experiments. No 
incandescence was noticed when the gold was dropped in. 

As in the similar cases with silver and copper, there is, at the freez- 
ing point below the first flat, not merely a temporary halt in the cooling, 
but the whole mass appears to solidify at or near the recorded 
temperature. 

TABLE XI. 
Copper added to Zinc. 
Series 1. 

The conditions were the same as in the gold-zinc experiments, 
Table X. The first quantity of copper was added as an alloy, but 
afterwards the copper was dropped into the molten zine. 
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Percentage weight 


| Atomic percentage 
| of copper. 


Freezing point 


of copper. | centigrade. 
0 418°82 
0°134 0°189 419°17* 
0°364 0°377 419°77 
1°042 1°08 | 421°70 
3°11 3°22 423°81T 
6°76 6°98 | 42396 


* This f. p. is a stationary temperature for several minutes. 

+ A considerable amount of precipitate forms even above the f. p. 

+ With this concentration, we thought there was a decrease in the rate of cooling 
at 561°6°, and much precipitate had formed in the crucible at 541°8°. 


Series 2. 
Furnace A. 

The alloys were made by melting together, in a sealed vacuous tube of 
Jena glass, weighed quantities of copper with a considerable excess of 
zinc. When the alloy thus formed had been well melted and shaken, 
it was allowed to cool, the tube opened, and the alloy added to the 
remainder of the zinc in the crucible. 


| 


0 0 418-93 
0°402 0°416 | 419°77 
1°838 1°900 429°79 
2°590 2°678 | 423°60* 

9 - | 435°36 

a “ 423°5 
4038 4*167 423°6+ 


| 
| 
t 


* Very steady temperature. 


+ Although this is a well-marked f. p., the alloy was pasty before the temperature 
No higher point could be detected. 


fell to this point. 


Series 3. 
250 grams of Zine. 
Dropped the copper into the zine. 


0 0 418°93 H 
5°66 5°846 423°58* 
: a 423°55 i" 
i 524°88 
10°715 11°05 422°4 + 
9 9 595°8 + 
15°257 15°70 667°2 § 


* At this point there was so much heavy precipitate already formed that stirring ; 
was impossible. 


+ Lower point not so well marked. 
+ A well marked f. p., trustworthy. 
§ The point on the lower flat can no longer be detected. 
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Zinc-Gold. and Zinc-Copper. 

These curves have only been traced by us for comparatively dilute 
solutions of these metals in zinc. The completion of the gold-zine was 
deferred to a future occasion, on account of the expense of handling 
the considerable quantities of gold needed, that of copper partly because, 
when we had carried our experiments to the point given in this paper, 
we became aware that M. Charpy had completed the copper-zinc curve. 
We were also‘influenced by the fact that the numerous analyses that 
would have been necessary would have required much greater labour 
than was the case with the alloys containing silver. 

It will be seen that these curves closely reproduce the phenomena of 
the corresponding part of the silver curve. The first angle and flat 
occur at a different temperature in each case, but in all three we have, 
starting from pure zinc, a line of steady freezing points, which for gold 
was very straight. In this region, we have the same phenomenon of 
almost complete solidification without further fall in temperature when 
the f. p. has been reached. Just before 2 atoms of copper or 4 atoms 
of gold, we have a very similar angle, and then the very fugitive 
upper freezing point, followed by copious precipitation, and, at a con- 
stant lower temperature, the steady lower freezing point. In the 
case of copper, we found that as we progressed to the left, by adding 
copper, this lower freezing point on the flat became less marked and 
finally before 16 atomic per cents. was lost. This is a reason for 
believing that the matter precipitating between the two freezing 
points was not pure copper, although it clearly contained more copper 
than the liquid in which it was forming. It is evident that, when- 
ever the explanation of the silver-zinc curve is found, that of the other 
two will follow. 

Zine-Platinum. 

We do not give a table for this pair of metals, but we have made a 
few experiments on adding platinum to molten zinc. In some cases, 
the alloys were made in sealed glass tubes, in other cases the platinum 
was dropped into the molten zinc. Nearly four per cent. of platinum 
by weight was added in portions to the zinc. It appears to dis- 


‘solve readily, but it does not appreciably alter the freezing point 


of the zinc. Each f.p. was a very constant temperature, stirring 
becoming impossible before the pyrometer indicated any fall. It has 
occurred to us that the flat of the previous cases may here be at the 
f. p. of zine, and that the upper freezing points may have been so 
high or so fugitive, that we failed to detect them. We hope to ex- 
amine this point again. 


The experiments described in this paper were, to a large extent, 
carried out by means of apparatus purchased by funds supplied to us 
VOL, LXXI. GG 


422 FRANCIS: THE DI-NITROSAMINES OF ETHYLENEANILINE, 


~ 


by the Grant Committee of the Royal Society. We wish, also, to 
thank Miss Dorothy Marshall, B.Sc., for the efficient aid we received 
from her in many of the experiments. 


XL.—The Di-nitrosamines of Ethyleneaniline, the 
Ethylenetoluidines, and their Derivatives. 


By Francis E. Francis, Ph.D., B.Sc., Lecturer in Chemistry, 
University College, Bristol. 


O. Fiscner and E. Hepp (Ber., 1886, 19, 2992 ; Ber., 1887, 20, 1247, 
&c.) have shown that the aromatic nitrosamines, on treatment with 
alcoholic hydrochloric acid, yield paranitroso-derivatives. Thus nitroso- 
methylaniline, C,H,-N-CH,°NO, gives paranitrosomethylaniline hydro- 
chloride, NO-C,H,-NH-CH,,HCI. 

Should the para-position be already occupied, then, in the benzene 
derivatives, either no action takes place or the nitroso-group is removed, 
whereas in the naphthalene series the nitroso-group enters the ring in 
the ortho-position relatively to the substituted nitrogen atom. 

It was thought of interest to try whether similar changes took 
place in di-nitrosamines, and for this purpose those of ethyleneaniline 
and the ethylenetoluidines were investigated. It was found that the 
molecular change is best brought about by a mixture of glacial acetic 
and concentrated hydrochloric acids, molecular rearrangement taking 
place rapidly and, if care be taken, the yields are good. If the para- 
position is occupied by a methyl group, decomposition occurs when the 
same treatment is adopted; the only substance capable of isolation is 
ethyleneparatoluidine, the nitroso-groups being removed. On the other 
hand, if the substitution is in the ortho- or meta-position, the molecular 
change takes place in the normal way. The dinitroso-derivatives are 
easily reduced to the corresponding diamines, that obtained from dini- 
trosoethyleneaniline yielding quinone on oxidation with potassium 
dichromate, showing that these substances are diamines of the type of 
ethyleneparaphenylenediamine. They give salts with 4HCl corres- 
ponding to ethylenemetaphenylenediamine and ethyleneparamethy]l- 
metaphenylenediamine prepared by Gattermann (Ber., 1884, 1'7, 779). 
They are very readily decomposed by nitrous acid, and give characteristic 
colorations with ferric chloride. They do not react with ketones, but 
readily condense with aldehydes, one molecule of the base acting on 
two of aldehyde. 


Journ. Chem. Soc., April, 1897. 
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I. 
Paradinitrosoethyleneaniline Hydrochloride, 
NO-C,H,'NH:C,H,-NH:°C,H,°NO,2HCL. 

This compound is prepared from the dinitrosamine of ethylene- 
aniline, C,H,[N(NO)-C,H,],, by dissolving it in about 5—6 times its 
weight of glacial acetic acid, adding half the volume of concentrated 
hydrochloric acid, and keeping at 60° with continual shaking for about 
one hour. The nitrosamine, which separates out at first, gradually 
dissolves, and, on standing, the hydrochloride of the paradinitroso- 
derivative crystallises out almost completely. It forms a yellowish- 
brown, microcrystalline powder, which dissolves in water giving an 
intense yellow solution ; it is slightly soluble in alcohol and hot acetic 
acid, but insoluble in ether or benzene. The free base prepared from 
the salt is an orange-brown powder only very slightly soluble in the 
ordinary solvents. The following results were obtained on analysis. 


Found. Calculated. 
N = 15°93 16°32 per cent. 
HCl = 20°84 21°28 = 


Ethylenediphenyleneparatetramine, C,H,(NH-C,H,°NH,),. 

Ten grams of the corresponding nitroso-derivative were reduced 
with excess of stannous chloride in concentrated hydrochloric acid. 
The tin double salt of the reduced substance separated out after each 
addition of the nitroso-compound to the cold solution ; this was filtered 
off, and a solution of itin water decomnose? while hot with a slight ex- 
cess of potash solution ; on cooling, 4 grams of the substance separated 
in glittering plates. It is best recrystallised from water containing 
some potash, otherwise it rapidly becomes coloured. The melting point 
is 150°. It is only slightly soluble in the ordinary solvents. Oxidised 
in the usual way with potassium dichromate, it gives a good yield of 


quinone (m. p. = 116°). The following results were obtained on 
analysis. 
C H N 
ee 69°09 757 23°21 per cent. 
Calculated...... 69°42 7°43 23°14, 


Ethylenediphenyleneparatetramine Hydrochloride, 
NH,’ C,H,’ NH: C,H,’ NH: C,H,,4HCl. 

When the base is dissolved in boiling water and excess of hydro- 
chloric acid added, the hydrochloride crystallises out in glittering 
plates on cooling. It is very soluble in water, but insoluble in hydro- 
chloric acid. Its solution is coloured intense blood-red with ferric chloride, 
and dark red with potassium nitrite, decomposition taking place imme- 
GG2 
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diately even at 0°. The same result is obtained using amylic nitrite and 
an alcoholic solution of the hydrochloride, but no crystallisable pro- 
ducts could be igolated from the solution. Platinic chloride is partially 
reduced, and it was not found possible to isolate the double salt, even 
at low temperatures. A solution of the hydrochloride poured into a 
hot, strong solution of stannous chloride gives characteristic glittering 
prisms of the tin double salt on cooling.’ 
Found. Calculated. 
HCl = 37°88 37°63 per cent. 


Lthylenetetracetyldiphenyleneparatetramine, 
C,H,O°NH-:C,H,*N(C,H,0)-C,H,*N(C,H,O)°C,H,°N H: C,H,0. 

On heating the ethyleneparaphenylenediamine base with excess 
of acetic anhydride for some hours, the tetracetyl derivative is 
formed ; this can be isolated by neutralising the diluted solution with 
potash, when it is precipitated as a greyish, crystalline powder which 
may be recrystallised from nitrobenzene. It is insoluble in the ordi- 
nary solvents, but soluble in dilute acids. Its melting point lies above 
290°. The following results were obtained on analysis. 


Found. Calculated. 
C = 64:06 64°39 per cent. 
H= 6-41 6°34 ™ 


Ethylenedibenzylidenediphenyleneparatetramine, 
C,H,-CH:N-C,H,-NH-C,H,-NH:-C,H,°N:CH:C,H,. 

When ethyleneparaphenylenediamine is warmed in benzene or alco- 
holic solution with benzaldehyde, action takes place immediately. In 
alcohol, a yellowish powder is thrown down, which may be recrystallised 
from hot benzene, and is obtained in the form of pale yellow, silky 
needles melting at 226—227°. It is very soluble in chloroform, only 
slightly so in boiling alcohol, and insoluble in ether or water. Warmed 
with dilute hydrochloric acid, it immediately takes up water, the base 
and benzaldehyde being regenerated. If it is suspended in alcohol, 
and alcoholic hydrochloric acid added, the solution becomes red, and 
an unstable hydrochloride is deposited ; this decomposes on warming, 
and cannot be isolated. 

Found. Calculated. 
N = 13°38 13°40 per cent. 


Ethylenedisalicylidenediphenyleneparatetramine, 
OH-C,H,-CH:N-C,H,-NH-C,H,-NH-C,H,°N:CH-C,H,:OH. 
The action of salicylaldehyde on ethyleneparaphenylenediamine takes 
place on warming the two in alcoholic solution. It is best recrystal- 
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lised from warm nitrobenzene, when it is obtained as small, orange- 
yellow plates melting at 224°. It is but slightly soluble in alcohol, 
benzene, or chloroform, insoluble in ether or water, readily decomposed 
by dilute hydrochloric acid, and, like the benzaldehyde compound, gives 
an unstable hydrochloride with alcoholic hydrochloric acid. 


Found. Calculated. 
C = [74°37 74°66 per cent. 
H = 5°91 5°77 ” 
II. 


Dinitrosamine of Ethyleneorthotoluidine, C,H,[N(NO)-C,H,°CH,].. 


Ten grams of ethyleneorthotoluidine are dissolved in alcohol, excess of 
hydrochloric acid added, and then sufficient acetic acid to keep all the 
hydrochloride in solution ; on adding the requisite amount of nitrite to 
the ice-cold solution, the nitrosamine separates out as an oil which 
slowly solidifies. It can only be obtained pure with the greatest diffi- 
culty, as it is very soluble in all organic solvents. A small portion re- 
crystallised from dilute acetone, and afterwards washed with absolute 
ether, gave a pale yellow, crystalline mass, melting between 94° and 
95°. The following nitrogen determination showed that it was not 


quite pure. 
Found. Calculated. 


N = 18:28 18-78 per cent. 


Ethyleneparadinitrosorthotoluidine Hydrochloride, 
NO-C,H,(CH,)*NH:C,H,*NH-C,H,(CH,)*NO,2HCI. 

Five grams of the above dinitrosamine were dissolved in 25 c.c. of 
glacial acetic acid, and 10 c.c. of concentrated hydrochloric added ; on 
standing in a warm place for a few hours, 5 grams of the hydrochloride 
of the dinitroso-derivative separated as a greenish-yellow, crystalline 
powder which darkened on drying. It is soluble in water and alcohol, 
but insoluble in ether or benzene. 


Found. Calculated. 
HCl = 19°44 19-67 per cent. 


Lthylenediorthotoluyleneparatetramine Hydrochloride, 
NH,°C,H,(CH,)-NH:> C,H, NH: C,H,(CH,)-NH,,4HCL. 
When the dinitroso-derivative is reduced with stannous chloride in 
concentrated hydrochloric acid, care being taken that the temperature 
is kept low, the tin double salt of the reduced substance separates out 
in crystalline masses. These are collected, dissolved in water, the 
solution decomposed by sulphuretted hydrogen, and the tin sulphide 
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removed by filtration ; the filtrate containing the hydrochloride is now 
concentrated, and gaseous hydrogen chloride passed in until the whole 
of the salt has separated. It is obtained in small, glistening needles 
extremely soluble in water, the solution rapidly becoming intense blue 
on exposure toair. The solution in water gives the characteristic blood- 
red coloration with ferric chloride, alsoa red coloration and spontaneous 
decomposition with potassium nitrite. A solution of the salt when 
poured into a strong solution of stannous chloride deposits character- 
istic needles of the tin double salt. Alkalis precipitate the base as an 
oil which slowly solidifies on standing ; it is fairly soluble in water, 
ether, and alcohol. The analysis gave 


Found. Calculated. 
HCl = 35°19 35°09 per cent. 
N = = 13°80 13°46 ” 


Ethylenedibenzylidenediorthotoluyleneparatetramine, 

C,H,* CH: N-C,H,(CH,)-NH:C,H,'-NH: C,H,(CH,)-N:CH- C,H,. 

If a solution of the base in alcohol is warmed for a few minutes 
with benzaldehyde, the condensation product is thrown down in large, 
yellow plates melting at 175—176°; it is very soluble in chloroform, 
slightly so in ether or alcohol, and can best be recrystallised from benzene 
andalcohol. It is decomposed by dilute acids into the base and benzalde- 
hyde, but forms an unstable hydrochloride in the same way as the 
ethyleneaniline derivative. 

Found. Calculated. 
N = 12°65 12°55 per cent. 


Ethylenemetatoluidine, CH,* C,H,*NH:C,H,-NH-°C,H,:CH,. 

Metatoluidine and powdered sodium carbonate are heated together 
in an oil bath to 120° in a flask fitted with a reflux condenser, the 
necessary amount of ethylenic dibromide is then added, and the whole 
heated for 20 minutes at 150° with continual shaking ; the reaction is 
then complete. The mass is treated with water, and the residual oil 
washed with dilute acetic acid to remove any metatoluidine unacted 
on; the product is then dissolved in twice its weight of alcohol, and 
after standing 3 days, the whole of the tertiary amine, n-dimetatolyl- 
piperazine, crystallises out. The hot alcoholic solution is then treated 
with an equal volume of concentrated hydrochloric acid, when, on cool- 
ing, the hydrochloride of the base separates in colourless needles ; this 
is insoluble in concentrated hydrochloric acid, dissociated by warm 
water, and can best be purified by recrystallisation from hot alcohol. It 
melts at128°. The yield is poor. Therecrystallised hydrochloride gave 
the following figures on analysis. - 
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Found. Calculated. 
HCl = 23:19 23°32 per cent. 
N = 8°80 8°95 - 


The free base is only obtained in the crystalline condition with con- 
siderable difficulty. The alcoholic solution of the salt is neutralised 
with alcoholic soda, and the sodium chloride formed is filtered off ; to the 
filtrate, a small quantity of water is first added, and then sufficient ether 
to dissolve the oil which separates. In this way, flat plates slowly form, 
very soluble in the ordinary organic solvents, and melting at 58°5°. 

Found. Calculated. 


N = 11:50 11°67 per cent. 


n-Dimetatolylpiperazine, CH, OH N<Gu o>: OyHy CH, 
2 2 


The tertiary amine formed in small quantities in the above prepara- 
tion crystallises from hot alcohol in flat plates melting at 126°, very 
soluble in ether, carbon, bisulphide, and benzene, but almost insoluble 


in cold aleohol. 


Found. Calculated. 
N = 10°66 10°52 per cent. 


Dinitrosamine of Ethylenemetatoluidine, C,H,[N(NO)*C,H,*CHg],. 

The hydrochloride of ethylenemetatoluidine is dissolved in alcohol 
and treated with the necessary amount of potassium nitrite. The pro- 
duct crystallises in small, reddish-yellow plates, melts at 112°, and is 
very soluble in hot alcohol, almost insoluble in cold, soluble also in 
benzene, ether, and carbon bisulphide. 

Found. Calculated. 
N = _ 18°90 18°78 per cent. 


Ethylenedimetatoluyleneparatetramine, C,H,{[ NH*C,H,(CH,)*NH, |. 

It is prepared in a similar way to the corresponding orthotoluidine 
derivative. The base is fairly soluble in hot water, from which it is 
obtained in the form of small plates on cooling. It gives a carmine-red 
coloration with ferric chloride, and a dark red solution and imme- 
diate decomposition with potassium nitrite. Platinum tetrachloride is 
reduced at the ordinary temperature. It is very soluble in alcohol and 
hot benzene, almost insoluble in ether and carbon bisulphide, and can 
best be recrystallised from hot benzene or a mixture of benzene and 
ether. It melts at 143°. 

Found. Calculated. 
N = 20°85 20°74 per cent, 
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Dinitrosamine of Ethyleneparatoluidine, C,H,[(NO)N-C,H,:CH,],. 

Ethyleneparatoluidine is dissolved in the necessary amount of hy- 
drochloric acid, and to the cold dilute solution potassium nitrite is added ; 
the nitrosamine is thrown down as a pale yellow, crystalline mass, 
which can best be recrystallised from chloroform and alcohol or from 
hot acetic acid. It melts at 183°, and is insoluble in alcohol and ether. 
Attempts were made to reduce it to the corresponding hydrazine, but 
in all cases the nitroso-groups were removed and ethyleneparatoluidine 
re-formed. When treated with a mixture of acetic and hydrochloric 
acids in the way previously described, the hydrochloride of ethylene- 
toluidine was the only substance that could be isolated. 

Found. Calculated. 
N = 18°82 18°77 per cent. 

By the kind permission of Professor Campbell Brown, most of the 
above work was carried out in the Research Laboratory of University 
College, Liverpool. 


XLI,—Dissociation-pressure of Alkylammonium Hydro- 
sulphides. 
By James Watker, D.Sc., Ph.D., and Jonn S. Lumspen, B.Sc., Ph.D. 


Tue dissociation pressure of ammonium hydrosulphide alone, and in 
presence of varying quantities of its dissociation products, has been 
carefully investigated by Isambert (Compt. rend., 1881, 92, 919; 
1882, 94, 958). This substance is a crystalline solid which decom- 
poses into ammonia and hydrogen sulphide, according to the equation 
NH,HS 2 NH,+H,S8, 
the arrows indicating that the action is reversible. To each tempera- 
ture there corresponds a gaseous pressure of ammonia and hydrogen 
sulphide in equilibrium with the solid. This pressure is termed the 
dissociation pressure of the substance. Should either of the gases be 
originally present in excess, the total gaseous pressure exerted is found 
as follows from the law of mass action. Let P be the dissociation 
pressure of the pure substance ata given temperature ; then the partial 
pressure of each of the gases is }P. Now, the active mass of a gas is 
measured by its partial pressure, and the active mass of a solid is con- 
stant. We have, therefore, for equilibrium at that temperature, 
cx4Px}hP=c'S, 

where ¢ and ¢’ are the velocity constants of the opposed reactions, 
and § the constant active mass of the solid. Let nowa given quantity 
of either gas be introduced in addition. If the vessel into which the 
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solid dissociates be of known capacity, the pressure exerted by the 
additional gas will be x. Suppose the dissociation pressure of the solid 
to be in these circumstances p. The velocity constants and the active 
mass of the solid remain as before, since the temperature has not 
been changed. The partial pressure of the gas in excess is r+ }p, and 
of the other gas $p. We have, therefore, for equilibrium, 

ex tp(r+ap)=c'S, 
which, in conjunction with the former equation, gives 

bpm + dp) =P? 

If, then, we know the dissociation pressure of the pure substance at a 
given temperature, we can calculate the dissociation pressure p (or the 
total pressure +p) when the substance dissociates in presence of one 
of its products having the pressure 7. Isambert’s numbers show 
very fair concordance between the experimental and the calculated 
values over a wide range of temperature, the product of the partial 
pressures at each temperature being equal to the quarter square of the 
dissociation pressure of the pure solid at the same temperature. 

In view of this harmony between theory and experiment, it appeared 
to us of interest to investigate an analogous case of gaseous dissociation, 
especially as the corresponding experiments for electrolytic dissociation 
in aqueous solution have been performed and are in agreement with 
the calculated values. The investigation required a knowledge of the 
dissociation pressures of a substance having one of its products of dis- 
sociation identical with one of those of ammonium hydrosulphide. Of 
the substances we studied, two were found suited to our purpose, 
namely, dimethylammonium hydrosulphide and ethylammonium hydro- 
sulphide, which dissociate according to the equations 

NH,(CH;),HS 2 NH(CH,),+H,S and 
NH,(C,H;)HS = NH,(C,H,) + HS, 
hydrogen sulphide being the common product of dissociation. 

To check ‘the accuracy of our method, we performed a series of 
measurements with ammonium hydrosulphide, and compared the results 
with those of Isambert. The ammonium hydrosulphide was prepared 


_ by mixing equal volumes of ammonia and hydrogen sulphide in the 


dissociation vessel itself. The chief precaution to be taken is to have 
the gases perfectly dry, for the hydrogen sulphide must remain in con- 
tact for some hours with mercury, anda very slight amount of moisture 
suffices to spoil the experiment on account of the formation of mercury 
sulphide. The mercury employed was purified after each set of experi- 
ments by being made to trickle in a fine stream through a long column 
of dilute nitric acid, and afterwards through a shorter column of strong 
sulphuric acid (compare Ostwald, Physico-chemical Measurements, p. 84). 
Mercury so purified was not sensibly tarnished by the dry gases, even 
after several days. The hydrogen sulphide was evolved in a small flask 
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from tartaric acid and pure, freshly recrystallised sodium sulphide in 
presence of only a few drops of water, and was dried by passing through 
a U-tube charged with calcium chloride and phosphorus pentoxide. 
The ammonia and the other bases were prepared by gently heating the 
corresponding chlorides with soda lime in a small test-tube, and dried 
by passing over solid caustic potash. The alkylammonium chlorides 
employed were purified by recrystallisation from absolute alcohol. 

For collecting, and measuring off approximately equal volumes of the 
gases, we found it convenient to use a gas-solubility absorption vessel 
(Ostwald, oc. cit., p. 173) attached toa levelling tube for mercury. This 
vessel was & cylindrical glass bulb of about 50 c.c. capacity, with a three- 
way tap at the upper end and an ordinary stopcock at the lower end. One 
limb of the three-way tap was connected with the drying-tube, and the 
other with a delivery tube for collecting and testing samples of the gas 
evolved, in order to ascertain its purity. When the gas was found to be 
pure, the taps were turned so as to fill the vessel, the pressure within it 
being kept slightly above that of the atmosphere by means of the level- 
ling tube. After filling, both stopcocks were closed, and the vessel de- 
tached from the gas supply. The three-way tap was then opened to 
reduce the pressure to the atmospheric value, and the gas measured by 
raising the mercury to a mark just above the lower stopcock. 

The dissociation apparatus, to which the gas was now transferred, 
is shown in Fig. 1. It consisted essentially of a Bunte gas-burette 
attached to a mercury reservoir. Instead of the ordinary cup, we found 
it advisable to have a second bulb, B, furnished with a stopcock, e, so 
that it might be exhausted and gas transferred to it from A when 
necessary. To charge the apparatus, the whole was filled with mercury 
up to the tap, e, which was then closed. The reservoir was next lowered 
until the level of the mercury in the bulb, B, fell to the point shown in 
the figure, when d was closed, and also the tap, c, at the bottom. Con- 
nection was made between the side tube, /, of the three-way tap and the 
three-way tap of the gas-vessel, by means of a short piece of capillary 
india-rubber tubing filled with mercury and provided with a screw clip. 
The clip and both three-way taps were then opened, so as to connect the 


‘gas vessel with A, and the transference of gas effected by opening the 


lower tap, c, and the lower tap of the gas vessel, and suitably adjusting 
the heights of the mercury reservoir and levelling tube. 

When the second gas was introduced, the walls of the bulb, A, became 
covered with a fine crystalline coating of the hydrosulphide. In order 
to remove any gaseous impurity and excess of either of the reacting 
gases, the mercury reservoir was raised until the pressure of the gas 
was greater than the dissociation pressure of the hydrosulphide. If 
the hydrosulphide were perfectly pure, no gas would remain in the bulb 
under these conditions, We always found a slight gaseous residue, 
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however, which was removed by making connection with the vacuous 
bulb, B. The tap d was closed when connection between the mercury 
in A and B was established. What remained in A was then pure 
hydrosulphide. After the hydrosulphide had been dissociated by heat 
and recondensed, there occasionally remained a slight gaseous residue, 
and a repetition of this operation was necessary. The gas found in B 
consisted mostiy of hydrogen sulphide. 

The measurement of the dissociation pressure was conducted as 
follows. ‘To secure a uniform temperature, the bulb, A, was surrounded 
by a vessel into which water was delivered by the tube 7, the overflow 
being through a wider tube, 0, the mouth of which stood at the level of 
the capillary tube connecting A with the three-way tap. The water 
supplied to this vessel could be heated to any desired temperature, by 
passing it through a copper worm immersed in the water bath shown in 
the figure. When the requisite temperature was attained, the water 
supply was shut off, and the water in the outer vessel thoroughly stirred 
by a succession of air bubbles, blown through it by the hand-bellows, 
m. In the range we investigated, the temperature of the water re- 
mained constant for a sufficient length of time to permit of perfect 
adjustment of the dissociation pressure, provided the walls of the bulb 
were uniformly coated with the hydrosulphide. We convinced our- 
selves of this by taking sets of readings with rising and with falling 
temperatures. For a given temperature, the pressure was in both cases 
the same. Before each reading the level of the mercury in the tube 
was adjusted to a point about 1 cm. below the bulb (see figure), so that 
the readings took place at practically constant volume. The difference 
of level between the mercury in the tube and in the reservoir was 
measured on the vertical metre-scale, s, by means of an observing 
telescope, placed at a distance of 4 metres. This difference, subtracted 
from the barometric height, gave the dissociation pressure. With the 
same charge in the tube, readings could be got at the lower tempera- 
tures not differing by more than 1—2 millimetres, even although 
several days had elapsed between the readings. With different charges 
in the tube, differences as great as 5 mm. were occasionally found. At 
high temperatures, the absolute error was greater on account of the very 
rapid variation with the temperature, but the relative error was less. 

The following table affords a comparison of Isambert’s results with 
one set of our own. 


Dissociation Pressure of Ammonium Hydrosulphide. 


Temp. C°. W.&h Isambert. Difference. 
i a 153 mm, 157 mm. + 4 
11°2 198 198 0 


12:2 217 215 - 2 
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Temp. C°. W. & I. Isambert. Difference. 
15°2° 263 mm. 263 mm. 0 
17°6 311 308 - 3 
22°4 417 426 + 9 
24°7 479 490 +11 
27°6 572 573 + 1 


The numbers in the third column were obtained by drawing a tempera- 
ture pressure curve of Isambert’s values, and interpolating by means 
of it. Where the difference is greatest, Isambert’s results are some- 
what irregular. 

In the case of dimethylammonium hydrosulphide, the values of the 
dissociation pressure for a given temperature were considerably lower 
than the corresponding values for ammonium hydrosulphide, as the sub- 
joined table shows. 


Dissociation Pressure of Dimethylammonium Hydrosulphide. 


Temp. C°. P. Temp. C°. P. 
54° 42 mm. 25°6° 153 mm. 
11°7 62 30°0 205 
17:3 90 35°6 290 
21°6 118 39°6 371 


A similar set of measurements for ethylammonium hydrosulphide led 
to still lower results. 


Dissociation Pressure of Ethylammonium Hydrosulphide. 


Temp. C°. re Temp. C°. P. 
5:0° 33 mm. 31°4° 183 mm. 
13°4 55 35°0 228 
17:0 73 | 37°2 264 
23-2 109 | 40:5 322 


The ethylammonium hydrosulphide, when first formed in the tube, 
was liquid, but gradually passed into the crystalline state, which it 
retained even at 40°, although at that temperature there appeared to be 


a softening of the crystals at the edges. 


Methylammonium hydrosulphide we found to be quite exceptional in 
its behaviour. Widely divergent values were obtained with different 
charges, and even with the same charge at different times. On heating, 
the dissociation products did not completely condense to the solid hydro- 
sulphide when subjected to a pressure much greater than the dissocia- 
tion pressure, and at 39° the originally uniform, microcrystalline coating 
on the walls of the bulb passed rapidly into feathery aggregates resem- 
bling frost-figures. After numerous experiments, we were obliged to dis- 
card this substance, as no consistent results could be obtained with it. 
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Dissociation Pressure of Mixtures. 


Our purpose in determining the dissociation pressure of these hydro- 
sulphides was to obtain data for calculating the pressure which they 
would exhibit when mixed in pairs. This problem in gaseous dissocia- 
tion has its analogue in electrolytic dissociation, and the same mode of 
calculation applies to both. If we take a mixture of two substances 
with one dissociation product in common, each diminishes the dissocia- 
tion pressure of the other, so that the total pressure is less than the sum 
of the pressures of the pure substances. Suppose the dissociation pres- 
sure of one substance, say ammonium hydrosulphide, to be P,, and the 
pressure of the other, say dimethylammonium hydrosulphide, to be P, at 
the same temperature. Let the partial pressure of ammonia in the gas 
from the mixture be p,, and that of the dimethylamine be p,. The par- 
tial pressure of the hydrogen sulphide will then be p,+p,. According 
to the law of mass action, we have, in the manner already explained, 


Py(P, + P2)=4P? PAP, + Po) = 4P? 
Knowing the values of P, and P,, we can therefore calculate p,, p,, and 
the total pressure, 2(p, + p,.). 

The analogous case for solutions is the mutual diminution of the 
solubility of two fully dissociated binary salts having one ion in common. 
This case cannot be exactly realised, owing to incomplete dissociation ; 
but the numbers given by Noyes (Zeit. physikal. Chem., 1890, 6, 252) 
for the sparingly soluble thallium chloride and thallium thiocyanate 
were obtained under very nearly the theoretical conditions. The solids 
TI-Cl’ and TI‘SCN’ dissolve in water, and may be assumed to dissociate 
completely into their ions Tl‘, Cl’, and SCN’, the common dissociation 
product being Tl-. In solutions, the active mass is proportional to the 
osmotic pressure, and therefore to the concentration. We may, conse- 
quently, take the concentration of the saturated solution of thallium 
chloride as P,, and that of thallium thiocyanate as P,, so that p, will 
be the concentration of Cl’ in the solution derived from the mixed salts, 
and p, the concentration of the SCN’ ions. The solubility of the chlo- 
ride will then be 2p,, of the thiocyanate 2p,, and the total concentration 
will be 2(p, +p). Now Noyes found P, to be 0-0161 (gram-molecules per 
litre at 25°), and P, to be 00149, Putting these values in the foregoing 
equations, we have 2p, = 00118 and 2p, = 0-0101, the total concentration 
being 2(p,+p.)=0°0219. The values experimentally found by Noyes 
were 2p,=0°0119, 2p,=0°0107, and 2(p,+p,)=0-0226. It will be 
observed that this last value is much smaller than the sum of the sepa- 
rate solubilities, P, + P,=0°0310. By taking into account the incom- 
pleteness and the change of the dissociation, Noyes obtained theoretical 
values still nearer the experimental results, 

The dissociation pressures of mixtures of the hydrosulphides we calcu- 
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lated in precisely the same way as that indicated above, and give the 
values, along with our experimental results, in the following tables. 


Dissociation Pressure of a Mixture of Ammonium Hydrosulphide with 
Dimethylammonium Hydrosulphide. 


P, P, Percentage 

Temp. C°. NH, HS. NH,Me,"HS. 2(y,;+p,.) Found. Difference. 
86° 166 52 174 162 — 69 
12°6 220 66 230 214 7:0 
16°0 276 83 284 268 5°6 
20°7 380 110 400 371 73 
23°7 462 135 481 449 6°7 
27°9 584 180 611 576 5:7 


It will be noticed that the actual dissociation pressure is not only 
less than the calculated value, but less than the dissociation pressure 
of the ammonium hydrosulphide. The percentage difference between 
the theoretical and experimental values is given in the last column, and 
is approximately constant. The ammonium hydrosulphide and the 
dimethylammonium hydrosulphide were present in this experiment in 
equivalent quantities ; but the addition of another equivalent of the 
dimethylammonium salt scarcely affected the values, lowering them only 
by afew millimetres. The explanation of the divergence between theory 
and experiment is not to be found in incomplete dissociation, for that 
would increase the calculated value (compare Noyes, loc. cit., p. 253). 
It must be remembered, however, that the above calculation is made on 
the assumption that the solids do not influence each other when mixed, 
and that the presence of the third gas is without effect on the dissocia- 
tion of the substance of which it is not a product. Isambert proved 
experimentally that the presence of a foreign gas, such as hydrogen or 
nitrogen, had no effect on the dissociation of ammonium hydrosulphide, 
but it is conceivable that, in the case we have studied, some effect might 
be produced. The supposition that the solids affect each other is not 
improbable, and if anything in the nature of a solid solution were 
formed, the dissociation pressure would be lowered owing to that cause. 

It might be thought that, as the pressure of the mixture was less than 
the pressure of the ammonium salt alone, the gas from the mixture 
contained no dimethylamine. By collecting some of the gas, converting 
the sulphides into chlorides, liberating the bases in the gaseous state, 
and burning them by passing them over heated copper oxide, we were 
able to prove the presence of carbon dioxide in the burnt gases, which 
showed that some dimethylamine must have existed in the mixture. 
Theoretieally, the partial pressure of dimethylamine in the mixture 
would be only about one-tenth of the partial pressure of the ammonia, 
the dissociation pressure of the less dissociated salt being relatively 
much more affected than that of the more highly dissociated hydrosul- 
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phide. A consideration of the equations shows that the ratio of the 
partial dissociation pressures of the substances, when mixed, is the 
square of the ratio of the dissociation pressures of the pure substances. 
Thus, a hydrosulphide which has twice the dissociation pressure of 
another when separate, will have four times that of the other when the 
two are dissociating into the same space. 


Dissociation Pressure of « Mixture of Ammonium Hydrosulphide and 
Ethylammonium Hydrosulphide. 


NH,'HS. NH;Et‘HS. Percentage 

Temp. C°. P, F, 2(p, +) Found. Difference. 
84° 164 4] 169 155 —84 
11-4 204 49 210 193 81 
16°5 286 69 294 277 58 
22°2 420 102 432 408 56 
26°3 536 135 553 524 5°4 


With ethylammonium hydrosulphide, we have again the same pheno- 
mena as with the dimethyl compound, the pressure of the mixture being 
slightly under the pressure of ammonium hydrosulphide, and the diffe- 
rence between the theoretical and experimental numbers being in the 
same direction, and of the same order, as before. On heating the mixed 
hydrosulphides, partial liquefaction took place. Nowit is almost certain 
that the liquid contained some of the solid and some of the indifferent 
gas in solution, and for this reason the pressure found would be below 
the calculated dissociation pressure. It seems, therefore, not illegiti- 
mate to extend this explanation to the case where both substances 
remain solid, as the phenomena observed are identical in their nature. 

The mixture of dimethylammonium and ethylammonium hydrosul- 
phides promised to be of interest, for we had found their dissociation 
pressures to be approximately equal, and the vapour from the mixture 
would therefore contain approximately equal molecular quantities of 
dimethylamine and ethylamine. 

The results obtained were as follows. 


Dissociation Pressure of a Mixture of Dimethylammonium and 
Ethylammonium Hydrosulphides. 


NH,Me,"HS. NH,Et‘HS. Percentage 

Temp. C°. P, P 2(2, +p.) Found. _ Difference. 
52° 42 34 54 45 —167 
12°6 66 53 84 74 11°9 
15:1 78 62 100 86 14:0 
20°0 106 88 138 122 11°6 
25°2 149 126 195 172 11°8 
30°6 212 175 275 241 12:4 
36°7 310 254 396 347 12°4 


40°8 400 328 517 441 14:7 
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Here the dissociation pressure of the mixture is greater than that of 
either of the components, but again falls considerably short of the calcu- 
lated value. The relations are most clearly exhibited in diagrammatic 
form in Fig. 2, which gives curves of corresponding temperatures and 
pressures for the three separate hydrosulphides, and also for the calcu- 
lated and observed values of the mixture of dimethylammonium and 
ethylammonium hydrosulphides. 

Thus, in all the cases of mixtures investigated, the dissociation 
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pressure is not only much less than the sum of the dissociation pres- 
sures of the components, but considerably less than the pressure 
calculated from the law of mass action, the divergence from the cal- 
culated value being of the same relative order at all temperatures. In 
the two cases where the dissociation pressure of one of the components 
is much greater than that of the other, the pressure of the mixture is 
even less than that of the component which has the greater dissocia- 
tion pressure. 
VOL, LXXI, H H 
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An inspection of the curves of Fig. 2 shows that, for all values of 
the temperature, the ratio of the ordinates on any two curves remains 


approximately the same. 


When tested numerically for dimethylammo- 


nium and ethylammonium hydrosulphides, the relation appears as 


follows. 


Temp. C°. 


5:2° 
12°6 

15°] 
20°0 
25 °2 
30°6 
36°7 
40°8 


NH,Me,‘HS. NH;Et 


f. 
42 
66 
78 
106 
149 
212 
310 
400 


F. 


34 
53 
63 
88 
126 
175 
254 
328 


‘HS. 


PIP’. 
1:24 
1°23 
1:24 
1:20 
1:18 
1:21 
1°22 
1:22 


A similar constancy is observed when we compare ammonium 
hydrosulphide with either of the other substances, although the nume- 
rical value of the ratio is not the same. 
constancy may be deduced from a thermodynamic relation given by 


van’t Hoff (Etudes, p. 139). 


log 


P, 7; 
0g P, Tl, ai 
The logarithms are ave decadic. 


The significance of this 


If P, and P, be the dissociation pres- 
sures of a substance, such as ammonium hydrosulphide, at the abso- 
lute temperatures 7’, and 7',, and q the heat of dissociation in small 
calories, the following equation holds good. 


g (7 
9-2\7, 


is 7) 
7) 


Now, if we take the dissociation 


pressure of another substance at the same two temperatures, we have 


ng 222! ow 2 (7: e 7) 
PLT, 5, Ff, 
Dividing the upper oaention by the lower, we obtain 
log as 1 + lo -s ES q. 
Pi 1 PLT, 


But we have in the above case P,/P’, 


= P,/P’,, or P’,/P, = P,/P; 


Substituting in the ae": equation we have therefore 


org = 


lo Es , 7 
gt P, 7, 


SET 


q 


= == 4 


q 


Given the absolute constancy of the pressure ratios at all tempera- 
tures, the heats of dissociation of ammonium, ethylammonium, and 
diethylammonium hydrosulphides are thus all equal. 

By means of his formula, van’t Hoff calculated the heat of dissocia- 
tion of ammonium hydrosulphide from Isambert’s data, and found it 
to be equal to 215 K (100.cal. = 1 K) between 9°5° and 25°1°, the 


volume being constant. 


Adding 12 K to represent the external work, 
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we get a total absorption of 227 K at constant pressure, in agreement 
with the experimental data of different observers, who find that am- 
monia and hydrogen sulphide, on uniting, evolve 226 K to 230 K. 

Isambert’s numbers for the dissociation pressure of ammonium 
hydrosulphide give values of g (when the above formula is used for 
the calculation), which increase as the temperature rises. Thus we 
have for constant volume 


ty ty P, P, ¢g 

4°2 18-0 132 322 197 K 
18-0 30°9 322 696 201 K 
30°9 44:4 696 1560 220 K 


The same increase with the temperature appeared when we used our 
own numbers for the dissociation pressure, and was likewise found for 
the alkylammonium hydrosulphides. For dimethylammonium hydro- 
sulphide we obtained 


hy te P, Py q 
5-4 21°6 42 118 198 K 
21°6 39°6 118 371 222 K 
and for ethylammonium hydrosulphide 
a ty P, P, q 
5:0 17-0 33 73 202 K 
17-0 31:4 73 183 218 K 


There is thus a fairly rapid increase in the value of g with the tempe- 
rature, the augmentation being of the same order in all three cases, 
In the derivation of van’t Hoff’s formula, it is assumed that the value 
of q is independent of the temperature. This is evidently not strictly 
accurate, but if the range of temperature to which the formula is 
applied be small, no serious error will be made in calculating the value 
of the heat of dissociation by its aid. 

Theoretically, the ratio of the dissociation pressure of a mixture of 
two hydrosulphides with equal heats of dissociation to the pressure of 
either of the components should be independent of the temperature. 
This we find to be the case with the values actually observed, although 
these values fall so far short of the theoretical numbers, In the follow- 
ing table we give the ratios for ethylammonium hydrosulphide and 
the mixture of the two alkylammonium hydrosulphides, and it will be 
seen that they are very nearly constant. 

NH,Et‘HS. NH,Et‘HS+NH,Me,'HS. 


Temp. C’. P. a PIP’. 
3°3° 34 mm. 45 mm. 0°76 
12°6 53 74 0:72 
15:1 62 86 0°72 
20°0 88 122 0°72 


HH 2 
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Temp. C°. . Fr. i ail 

25°2 126 172 0°73 

30°6 175 241 0:73 

36°7 254 347 0°73 

40°8 328 44] 0-74 


It has already been mentioned that methylammonium hydrosulphide 
gave very different results on different occasions. In no case was the 
value q, calculated from its dissociation pressures by means of van’t 
Hoff’s formula, even approximately equal to 210 K, the mean value 
for the other hydrosulphides ; nor did the ratio of its pressures to those 
of any of the other substances exhibit any constancy. The cause of 
this remarkable divergence we are not at present in a position to 
explain. 


UNIVERSITY COLLEGE, 
DUNDEE. 


XLII.—Some Hydrocarbons from American Petroleum. 
I. Normal and Iso-pentane. 


By Sypnrey Youne, D.Sc., F.R.S., and Grorce L. Tuomas, B.Sc., 
University College, Bristol. 


An attempt was made by us early in 1895 to separate normal and iso- 
pentane from the “ pentane” supplied by Merck, of Darmstadt, by 
fractionally distilling it from a flask with a long still-head, but it was 
unsuccessful. 

A dephlegmator was then devised by us (Chem. News., 1895, '71, 
177) which gave excellent results in the separation of benzene from 
toluene, and by means of which we were able to isolate normal hexane 
from “ petroleum ether” in a nearly pure state. A dephlegmator of this 
form is, however, not altogether suitable for very volatile substances, 
because the amount of cooling may be insufficient to supply the requi- 
site amount of condensed liquid, and the vapour then simply passes 
through the dry platinum gauze. This difficulty may be overcome by 
the use of a very short water condenser at the top of the dephlegmator, 
and the addition of such a condenser was found to be of great advan- 
tage in the fractionation of normal and iso-pentane. 

It was thought, however, that still better results might be obtained 
by combining a ‘constant’ (or rather, ‘regulated’) temperature 
still-head with a dephlegmator, and this was found to be the case. 

The apparatus employed is shown in the accompanying diagram, 
Fig. 1. 

The liquid to be distilled is boiled in the bulb, A, and the vapour 
passes up through the dephlegmator, B, undergoing partial condensation, 
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which is increased by the short water condenser, C. The temperature 
of the vapour as it leaves the dephlegmator is registered by the ther- 
mometer, D. 

The vapour now passes through the side tube, E, which is connected 
by a cork with the end of the tin worm-tube {indicated by dotted lines) 
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in the water bath. Some of the vapour is condensed in this ‘ regu- 
lated’ temperature still-head; the remainder passes through the 
vertical glass tube, F, where its temperature is registered by the ther- 
mometer, G. It is condensed by the water condenser, H, and the ice- 

condenser, J. The liquid is collected in the flask, K, cooled by ice. 
The construction of the dephlegmator has been fully described in the 
Chem. News. (loc. cit.). The only alteration is the addition of the short 
water condenser, C. The regulated temperature condenser consists of 
a copper water bath, through which passes the tin or composition still- 
head. The water is heated by a ring of 


Fic. 2. small gas jets below, and the tempera- 
N ture of the water is kept uniform by a 
B stirring arrangement similar to that 


employed in Ostwald’s laboratory. A 
propeller, with four blades of thin sheet 
copper, is kept in rotation by the wind- 
mill, L, actuated by the ring of gas jets, 
M. The efficiency of the windmill was 
greatly increased by the use of a card- 
board chimney attached to the iron bars 
which support the water bath, and, in- 
deed, with this chimney, when the 
lower ring of flames was large, the 
nt upper one was hardly required. 
4 C ppe y req 
The windmill and propeller are 
centred by bearings both above and 
below, consisting of steel pins working 
in steel cups. The upper, steel pin, N, 
is shown in Fig. 1 and Fig. 2; the 
lower one is not at the bottom of the 
water bath, but inside the cylindrical 
tube to which the windmill and propel- 
ler are attached, just above the level of 
the water, A, Fig. 2. The upper cup, B, 
—— is attached to the top of the cylindrical 
tube ; the lower one, C, is at the upper 
end of a steel tube, D, fastened to the bottom of the water bath. The 
only disadvantage about this arrangement is that the bottom of the 
water bath is not sufficiently rigid to keep the steel tube bearing the 
lower cup properly centred when the bath is filled with water. It was 
found necessary to pass a steel rod up this tube from below, and to 
centre the tube by means of it. 
It was unnecessary ever to keep the temperature of the water bath 
constant for any considerable length of time, but usually to allow it to 
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rise very slowly, and a thermostat was not required. The temperature 
of the water bath is registered by the thermometer, O, Fig. 1. 

The original material is a complex mixture of butanes, pentanes, and 
hexanes with some benzene and a little hexanaphthene. After three 
fractionations, when the butanes, hexanes, benzene, and hexanaphthene 
had been for the most part eliminated, the fractions, weighing alto- 
gether 1030 grams, were separately shaken first with concentrated 
sulphuric acid and afterwards repeatedly with a mixture of strong 
sulphuric and nitric acids, being left in contact with the mixed 
acids for several days. They were then treated with caustic potash, 
washed with water and dried over phosphorus pentoxide ; finally, when 
the fractionations were resumed, they were distilled over phosphorus 
pentoxide from a water bath. 

In carrying out the work, a record was kept of the temperatures of 
the vapour when leaving the dephlegmator, of the water bath, and 
of the vapour when finally condensed. 

Details of the eleventh fractionation are given in the table below ; the 
temperatures are the final ones for each fraction, and they are all cor- 
rected to 760 mm., and for the thermometric error (the temperature 
of the vapour being affected by changes of the barometric pressure, that 
of the water bath is altered to the same extent). The lowest fractions 
consist chiefly of isopentane ; the middle ones are mixtures of the two 
pentanes ; the highest consist of nearly pure normal pentane. It will 
be noticed that the fall in temperature of the vapour during its passage 
through the regulated temperature still-head (D—T) is greatest for the 
middle and least pure fractions, and smallest for the highest and purest 


fractions. 
Eleventh Fractionation. 


36°32 86°30 36°31 


| 


| | 
Fraction p |B D—T | aT | aw ay 
— —— | ee 
1 os-42 | 98-25 | 28°30*| O12 | (115)| 78 (70) 
2 | 29°15 | 28°85 | 28°90 025 | 0°60 101 168 
3 | 30°17 | 29°65 | 29°65 052 | 0-75 58 77 
4 | 81°75 | 80°55 | 30°55 1:20 | 0-90 44 | 49 
5 | 33°10 | 8215 | 32°20 0:90 | 1°65 43 | 26 
6 34°60 | 33°90 | 33°85 0°75 1°65 48 | 29 
7 85°35 | 84°65 | 34°75 0°60 | 0°90 37 4] 
8 | 35°65 | 35°20 | 35-40 0°25 | 0°65 40 61 
9 | 35:90 | 35°80 | 35°85 0°05 | 0°45 43 95 
10 '| 8611 | 36°00 | 36-10 0-01 0-25 80 320 
11 | 36:25 | 36°30 | 86:28 002 | 0-18 81 623 
2 | 0°01 | 0:08 71 890 
| 


D = Temperature of vapour on leaving the dephlegmator. 
B = Temperature of bath. 
T = Temperature of vapour on leaving the bath. 

AW = Weight of fraction. 


* The temperature T was 27°15° when the first dvops of liquid were collected. 
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The gradual separation—first of a mixture of the two pentanes from 
the butanes and hexanes (Fractionation No. 1), and afterwards of the 
two pentanes from each other (Nos. [IX to XIII) is clearly indicated 
by the curves in Fig. 3, in which the total weight of the distillates is 
plotted against the temperature T. The first curve is most horizontal 
at about 33° (the ratio AW/AT being highest at this point) and is 
nearly vertical below 28° and above 37°. The last curve is nearly 
vertical at 33°, horizontal at 36°3°, and nearly horizontal at 28°. 

After 13 fractionations, the middle fractions had become very 
small, and the two pentanes were then separately fractionated, the 
normal pentane 8 times and the isopentane 11 times. The weight 
of pure normal pentane thus obtained was 175 grams and of iso- 
pentane 101 grams. Each substance was collected in two fractions 
and the boiling point (from P,O,) and sp. gr. at 0° separately de- 
termined. 

The normal pentane boiled quite constantly at 36°1° under a pressure 
of 754:5 mm. (=36°3° at 760 mm.) and the isopentane at 27-95° under 
a pressure of 760 mm. 

Some of the constants of the isopentane were then determined, so 
as to compare this specimen with those prepared synthetically. The 
results are given in the table below, and it will be seen that the 
agreement is very satisfactory. 


Tsopentane from 
Petroleum. Amylic alcohol. Amylic iodide. 


Boiling Point. 


“QO 
, 27:95° 27:95° 
Specific Gravity at 0° (referred to water at 4°). 

1. 0°63931 0209 , 5 
3 063999 0°63924 0°63935 
Vapour pressures in millimetres. 
~ 90° 4287 4281 — 
160° 16330 16320 16315 
170° 19130 19115 19115 
180° 22280 22270 22270 

— Volumes of a gram of Liquid. 
160° 2°375 2°3775 2°3745 
170° 2553 2°5550 2°5545 


2°857 2°8590 
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Isopentane from 


Petroleum. Amylic alcohol. Amylic iodide. 
Volumes of a gram of Saturated Vapour. 
160° 13°70 13 71 13°70 
170° 10°73 10°73 10°73 
180° 7953 7952 7943 


Critical Temperature. 
187°8° 187°8° 187°8° 


Critical Pressure. 
25050 25010 25020 


XLUL—The Vapour Pressures, Specific Volumes, and 
Critical Constants of Normal Pentane, with a Note 
on the Critical Point. 


By Sypvey Youne, D.Sec., F.R.S., University College, Bristol. 


THe normal pentane employed in this investigation was separated 
by fractional distillation by Mr. G. L. Thomas and the author from 
Merck’s ‘‘ pentane,” a product obtained by the distillation of American 
petroleum. The method adopted is described in a separate paper. 


Boiling Point. 
The pentane boiled with perfect constancy: its boiling point was 
frequently determined, the liquid being in each case distilled over 
phosphorus pentoxide. 


Pressure in mm. Temperature. Corrected to 760 mm. 
754-4 36°1° 36°3° 
755°9 36°15 36°25 

"744-0 35:7 36:3 
753°4 36°05 36°3 
754:7 36:1 36°3 
752°5 36°0 36°3 
746°6 35°8 36°3 

Mean 36:3 


The value of ? at the boiling point is 25-8 mm. per degree, 
tf 
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Boiling Points by other Observers. 


Name. Reference. Boiling Point. 
(1) Schorlemmer Proc. Roy. Soc., 1871, 16, 367 37—39° 
I (2) Goldstein Ber., 1879, 12, 690 39 
(3) Lachowicz Annalen, 1883, 220, 188 37 
(4) Hofmann Ber., 1883, 16, 590 35 
| (5) Perkin Trans. Chem. Soc., 1884, 45, 445 36—36°5 
(6) Thorpe & Jones, ibid. 1893, 63, 274 36—38 
(1) From American petroleum. 
4 (2) Source not stated. 
: (3) From Galician petroleum. 
. (4) From pyridine by the action of hydriodic acid. 
(5) Prepared by Schorlemmer from American petroleum. 
(6) Ditto ditto ditto. 


Specific Gravity. 
The specific gravity was determined in a Sprengel tube of the form 
recommended by Perkin, and employed in previous investigations ; the 
weighings were in all cases reduced to a vacuum. 


Temperature. Specific Gravity. 
Depiignieeressedisssoenseddanesee 0° 0°64536 
UST Bikocecidridvesescesseveons 0 0°64541 

ies weennenes peneenseeson seers 12°91 0°63313 


Specific Gravities by other Observers. 


Name. Specific gravity at t° Calculated* at 0°. 
: ne 0°63373 at 15°/15° 0°64746 
0°62503 at 25°/25° 0°64734 
Lachowicz......... 06267 at 14° 0°6398 
; Thorpe and Jones (Joc. cit.) have determined the expansion of normal 
3 pentane from 0° to the boiling point, which they take to be 36°3°, the 


same as mine. They give the volumes for each five degrees calculated 
from the formula V,= 1 + 0°0,14646t + 0°0,30931 9t? + 0:0,16084t°. 


4 _ The table shows that my results—calculated from the densities 
- given by the formula in the footnote—are in close agreement with 
ia those obtained by Thorpe and Jones. 

i Temperature. Volume. 

; Thorpe and Jones. Young. 

i 0° 1:00000 1:0000 
eo 10 1-01497 1-0148 

: 20 1:03066 1-0305 

30 1-04716 1-047} 


36°3 105801 10581 
* From the formula Dt = 0°64539 — 0°0,92825t — 0°0,1325t?, 
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Critical Constants. 
Temperature. Pressure in mm. Volume of a gram. | 
197°2° 25,100 4°303 c.c. 
A determination with a sealed tube gave a temperature between 
197:1° and 197°3°, but the critical point could not be ascertained with 
so great precision as with the pressure apparatus. 


Vapour Pressures. 

The vapour pressures at temperatures below the ordinary boiling 
point were determined by the method of Ramsay and Young. The 
thermometer employed had been compared with one by Warmbrunn 
and Quilitz, which had been standardised by the Berlin physikalisch- 
techniche Reichsanstalt. 


Press. | Temp. Press, Temp. | Pyess. Temp. | Press. | Temp. 
| 
38°05 | -—29°9° || 113°3 —10°0° || 277°5 9°4° 563°0 | 27°75° 
48°05 | -25°95 | 128-7 ~ 7°35 || 311°7 12°3 || -567°8 | 28°15 
53°25 | -242 || 146°2 - 47 || 349°0 1571 || 6051 | 29°75 
61°35 | -21°9 || 16871 - 17 || 3884 17°75 653°3 | 32°05 
72°15 | -18°85 || 19275 | + 1°25 || 431°0 20°3 6883 | 33°25 
84°3 —15°95 || 218°7 4:0 || 474°0 23°1 722°4 | 34°75 
98°75 | -12°95 || 24671 67 || 519°5 25°55 754°1 | 36:1 


The vapour pressures at higher temperatures were determined with 
the pressure apparatus employed in previous researches. The observed 
pressures (the means of four readings in each case), together with those 
read from the curves constructed from the observations at low tempera- 
tures, and also the pressures calculated by means of Biot’s formula, are 
given in the table below. 

The constants for Biot’s formula log p= a + ba‘ + cf are as follows. 

a= 1762281. 


b= —4:537970 log 6= 0°6568616 
e= -- 1:253285 log c= 0-0980498 


log. a= T 0°99926637 
log. B=T 0°99448608 
t=t°C + 20 
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Vapour Pressures. 


| 

Dynamical | e | Calculated - . | Calculated 

Temp. method | ~~. |from Biot’s|| Temp. ——— from Biot’s 
from curve. | ee formula. nethod, | formula. 
~30° 37°95 | 38°50 || 140° 9892 9890 
~20 67°85 | 67°85 || 150 11805 11826 
—10 1143 | 114°05 | 160 14060 14032 
0 183°25 | 183°40 ||170 16540 16535 
10 281'°8 | 283°65 || 180 19345 19362 
20 420°2 | 423°65 | 186 | 21190 21225 
30 610°9 | 613°9 | 190 | 22500 22540 
40 | 878 865°3 | 193 | 23540 23566 
50 | 1193 | 11902 | 195 24255 24271 
60 1605 | 1601°8 | 196 24665 24629 
70 2119 2114°0 | 196°5 24850 24810 
80 2735 27421 | 196°8 24960 24919 
90 3498 3501°5 || 1969 | 24995 24955 
100 4410 4409°1 | 197°0 | 25020 24991 
110 5483 5482°5 || 197°1 | 25060 25027 
120 6742 6740°5 || 197715 | 25090 25045 
130 8187 | 8203°0 | 197-2(erit.)} 25100 | 25063 


Volumes of a Gram of Liquid. 


The volumes of liquid were determined with the pressure apparatus. 
They were read directly up to 130°, and an attempt was also made to 
obtain direct readings at temperatures from 193-0° to 197:1°. The 
great compressibility of the liquid near the critical point made these 
results somewhat uncertain, and great accuracy was not attainable, but 
the direct readings serve to confirm the correctness of those obtained 
by calculation. (Trans., 1893, 63, 1200.) 

The volumes of liquid (all vapour condensed), are calculated from 
the read volumes of saturated vapour and liquid*, and as there were 
four readings of each volume at each temperature, there are conse- 
quently four independent calculations of the volume of liquid. The 
accuracy of the method is shown by the fact that the greatest differ- 
ence of any individual calculated volume from the mean at any tem- 
perature is less than 0:1 per cent. 

The observed and smoothed volumes of a gram, and the molecular 
volumes calculated from the smoothed specific volumes, are given in the 
following table. The molecular weight of normal pentane, like that of 
isopentane (Proc. Phys. Soc., 1894—1895, 18, 602), was taken as 71°85. 


* Volume of liquid (all vapour condensed) = V + e where V and v are the read 


volumes of liquid and saturated vapour and R is the ratio of the specific volume of 
saturated vapour to that of liquid. 


450 YOUNG: VAPOUR PRESSURES, SPECIFIC VOLUMES, AND 


Volumes of a Gram and Molecular Volumes of Liquid. 


{| 
Volumes of a Gram, eo | Volumes of a Gram. 
__| BS i Be 
Temp. | 3 5 } Temp. Di 258 
Directly | Caleu- | From S'S || wee ng Calecu- | From g's 
observed.| lated. | Curve. |: => |] y ob- lated. | Curve. = 
| | served, | 
| } 

O° | 154946 | 1°54946 | 111°33 | 160° 2°2760 | 2°2760 | 163°55 
10 1°5725 1°5724 | 112°98 I 170 2°4030 | 2°4030 | 172°65 
20 1°5965 15967 | 114°72 |; 180 2°5860 | 2°5860.| 185°80 
30 | 1°6235 1°6220 |116°54 | 186 2°7450 2°7450 | 197°25 
40 1°6495 1°6495 | 118°52 || 190 2°9025 | 2°9625 | 208°55 
50 1°6785 1°6786 | 120°61 || 193 3°07 | 3°0745 | 3°0745 | 220°90 
60 | 1°7095 | 1'7095 | 122°83 || 195 3°26 | 3°2625 3°2625 | 234°4 
70 1°7425 1°7424 | 125°19 || 196 3°43 | 3°4310 3°4310 | 246°5 
80 | 1°7780 | 1°7780 | 127°75 | 196°5 | 3°56 | 3°5525 3°560 | 255°8 
90 1°8170 | 1°8172 | 130°57 | 196°8 | 3°66 | 3°6600 | 3°663 | 263°2 

100 1°8595 | 1°8595 | 133°60 | 196°9 | 3°72 | 3°7230 3°716 | 267°0 
110 | 1°9050 1°9055 | 136°90 | 197°0 | 3°78 | 3°7880 | 3°788 | 272°2 
120 | 1°9580 19580 | 140°70 | 197°1 | 3°88 | 3°8810 3-906 | 280°6 
130 2°0180 2°0175 | 144°95 |, 197°15) 4°0510 4°045 | 290°6 
140 2°0890 | 2°0890 | 150°10 |) 197-2 | 4°303* | 309°2* 
150 | 2°1710 | 2°1720 | 156-05 | | | | 

| 


* Calculated by the method of Cailletet and Mathias. 


Volumes of a Gram of Saturated Vapour. 


The volumes of a gram of saturated vapour were determined by 
three methods. 

1. With the pressure apparatus, from series of readings of the vol- 
umes of saturated vapour and liquid (loc. cit., compare Amagat, Compt. 
rend., 1892, 114, 1093). 

2. By the sealed tube method (Trans., 1891, 59, 37; 1893, 68, 
1201; Proc. Phys. Soc., 1894—1895, 13, 617). 

3. An attempt was made, at and above 195°, to read the volume 
at which liquid was first formed when the vapour was compressed. 
No great accuracy could be attained, and the tendency would be for 
the observed volume to be a little too small, but the results serve to con- 
firm those obtained by the other methods. 

Up to 196°, the results by the different methods are extremely concor- 
dant, but at higher temperatures the volumes with the sealed tube are 
somewhat larger than with the pressure apparatus, except at 197:1°; 
the corresponding difference of temperature would, however, in no case 
exceed 0°1°. 

The volumes read from the curves constructed from the experimental 
data agree very well with the mean values, and have been taken as 
correct. : 

The volume of a gram at the critical point was calculated from the 
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density given, by the method of Cailletet and Mathias (Compt. rend., 
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1886, 102, 1202; 1887, 104, 1563; 1892, 115, 35). 
The observed and smoothed volumes of a gram, and the molecular 
volumes calculated from the smoothed specific volumes, are given in the 


table below. 


Volumes of a Gram and Molecular Volumes of Saturated Vapour. 


Volumes of a Gram. 
Temp. Pressure apparatus. | Sealed tube method. | Molecular 
F volumes. 
| rom 
* | curves. 
Calculated. | Directly I. Il. 
observed. 
30° 40770 | 404°0 29000 
40 293-0 | 2950 21200 
50 2200 | | 220-0 15800 
60 1680 | | 166°0 11900 
70 | 1273 = | 127°1 9130 
80 98°7 98°75 7090 
90 7772 | 77°60 5580 
100 61°5 60°50 61°45 4415 
110 49°5 | 49°80 49°35 3550 
120 40°10 39°95 2870 
130 32°40 32°20 2315 
140 25°85 25°90 25°90 1860 
150 21°00 21°00 21:00 1510 
160 16°95 | 16-90 16°92 1215 
170 13°65 13°60 13°61 978 
180 10°70 10°65 10°69 768 
186 9°02 on | 9 02 648 
190 7°89 7°87 7°88 566 
193 6°97 | 693 | 6°94 499 
195 622 6°21 | 6-21 | 6-215 447 
196 5°735 5°71 | 5738 | 5°730 412 
1965 5390 5°88 | 544 | 5480 390 
196°8 5155 5:16 | 524 5195 373 
196-9 5-050 5:07 | 516 5-100 366°5 
197°0 4-940 4°94 | 5-06 4-990 358°5 
197°1 4°780 4°77 | 4°65+ 4°785 3440 
197°15 4°550 4°615 331°0 
197°2 4:303* 309°2 * 


* By the method of Cailletet and Mathias. 
+ Doubtful. 


Absolute Temperatures, Molecular Volumes, and Ratios of Actual to Theo- 
retical Densities of Saturated Vapour at “ Corresponding Pressures.” 


The absolute temperatures and the molecular volumes of liquid and 
saturated vapour were read from the curves at a series of pressures 
“ ° . . . 

corresponding ” to those given in previous papers ; from these data, 
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the ratios of the absolute temperatures and volumes to the critical 
constants were calculated, also the ratios of the actual to the theo- 
retical densities of saturated vapour. The results are given in the 
following table. 


° l q 
Ratio of Molecular volume. Abs. Wes Density } 
pressure Absolute, _ temp. liq. | ¥ ol: Sat. | of sat. 
to Pressure. | temper- Sat Abs. os vap._| _Vap._ 
critical ature, —_ neo ter erit, |~"% Y\Grit. vol.| Theor. 4 
pressure Liquid. | rated temp density 
agit vapour, s _ 
0:002949 74°00 | 254°55°; = — — 0°5414 —_— -- — 
0°005898| 148°05 | 268°35 — _— 0°5707 —- | - ~~ 
0:011795| 296-05 | 284-00 | 11320] — 06040 | o-s662 | — | — 
0°022411|} 562°5 | 300°75 | 11613 — 0°6396 | 0°3756 —- j- 
0044232} 1110°2 | 320°85 | 120-15 | 16800 | 0°6824 | 0°3886 54°4 1°069 
0°088465 | 2220°4 | 344°70 | 125°62 8780 | 0°7331 | 0°4063 28°4 1°098 E 
0°14744 | 3700°5 | 365°30 | 131°25 5260 | 0°7769 | 0°4245 17°0 1'166 / 
0°20642 | 5181°0 | 880°45 | 136°05 3750 0°8091 | 0°4401 131 =| 1-2i7 
0°29488 | 7401°5 | 397°80 | 142°66 2582 | 0°8460 | 0°4614 8°35 | 1°294 
0°44232 | 11102 419°30 | 153°85 1631 | 0°8917 | 0°4976 5°27 | 1°489 
0°58978 | 14803 436°25 | 166°35 1137 | 0°9278 | 0°5380 3°68 1°610 
0°73721 | 18504 450°15 | 181°55 828 | 0°9574 | 0°5872 2°68 1826 a 
0°82568 | 20725 457°35 | 193°80 682 | 0°9727 | 0°6268 2°21 2°010 
0°88465 | 22205 462°00 | 205°20 587 | 0°9826 | 0°6637 1°90 | 2°204 
0°94363 | 23685 466°25 | 222°60 493 | 0°9916 | 0°7200 1°59 | 2°484 
0°97313 | 24425 468°45 | 238°90 432 | 0°9963 | 0°7727 1°40 2°759 
1°00000 | 25100 470°2 | 309 °20 3809°2 1°0900 | 1°0000 1°00 | 3°765 
These ratios show that normal pentane belongs to the same group of 
substances as isopentane and normal hexane, benzene, and its halogen 
derivatives, ether, carbon tetrachloride, and stannic chloride. 


The ratio of the actual to the theoretical density at the critical point 
is 3°765, which is also the mean value for the 10 other substances in ; 
this group. 

The ratio, 2°667, of the actual to the theoretical density deduced 
from the theory of Van der Waals should, according to O. E. Meyer, 
be multiplied by the factor ,/2 (Guye, Arch. des Sci. Phys. et Nat., 
1894, [3], 31, 164; also Heilborn, Report d. Physik., 1891), which 
would give the value 3°77. The theory applies only to substances 
whose molecules undergo no polymerisation on passage from the gaseous 
to the liquid state, and, as M. Guye has pointed out, the agreement 
between the theoretical ratio, 3°77, and the mean ratio calculated from 
my observations, 3°765, leads to the conclusion that at the critical 
point the molecules of the 11 substances in this group are simple, like : 
those of the gases. 
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Influence of Molecular Weight and Constitution on the Temperature and 
Volume Ratios. 


A comparison of the data for normal pentane with those for iso- 
pentane and normal hexane (Trans., 1895, 67, 1083), shows that the 
ratios of the absolute temperatures to the absolute critical tempera- 
tures are decidedly lower for normal pentane than for normal hexane, 
but higher than for isopentane. 

The agreement in the case of the volumes of liquid and of saturated 
vapour is much closer, but here again the ratios for normal pentane lie 
between those for isopentane and normal hexane, the order being the 
same for the saturated vapours as for the absolute temperatures, but 
reversed for the volumes of liquid. 

The ‘conclusion previously arrived at, that there is probably a relation . 
between the temperature and volume ratios and the molecular weight 
in the case of homologous compounds, and the constitution in the case 
of isomerides, is thus so far confirmed, but a full discussion of this 
question will be reserved until data have been obtained for other 
paraffins. 


Note on the Critical Point. 


The behaviour of a substance at and near the critical point has been 
the subject of numerous investigations, and within recent years a few 
observers have published results which are at variance with the gene- 
rally accepted views as to the condition of matter at this point. 

The critical temperature may be regarded, on the one hand, as that 
temperature at which the meniscus disappears and fog and strie be- 
come visible ; or, on the other hand, as that temperature at which the 
densities of liquid and saturated vapour become equal. The first may 
be called the ‘ apparent,’ the second the ‘ real’ critical temperature. 

Doubts have sometimes been expressed whether the two tempera- 
tures are identical ; whether, in fact, the apparent critical temperature 
may not be a little lower than the true critical temperature. 

A few observers deny that the liquid and saturated vapour become 
identical at the critical point, or even that their densities become 

‘equal, whilst they, or others, state that the mist and strie become 
visible at different temperatures, according as the substance is gradually 
heated or cooled. 

In order to obtain trustworthy results, it is absolutely necessary 
that the substance employed should be pure, and that, in filling the 
tube, air should be expelled as completely as possible ; it must also be 
remembered that, at temperatures near and below the critical tempera- 
ture, evaporation takes place very much more slowly than at lower 
temperatures. 

Determinations of the specific volumes of liquid and saturated vapour 
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were made with normal pentane as near as possible to the critical 
temperature, in order to obtain more complete experimental evidence 
on the following points. 

1. Whether the law of Cailletet and Mathias holds good quite to 
the critical point. 

2. Whether the densities of the liquid and saturated vapour do really 
become equal. 

3. Whether, that being so, the temperature at which this takes 
place is identical with the apparent critical temperature. 

4. Whether the apparent critical temperature depends on the condi- 
tions—rising or falling temperature, &c. 


1. In previous investigations of the densities of liquid and of satu- 
turated vapour, the nearest approach to the critical temperature was 
with isopentane (Proc. Phys. Soc., 1894—1895, 13, 602). In this 
case, the densities were determined at 187°4°, or 0°4° below the appa- 
rent critical temperature, and though the form of the curves left no 
doubt that, if produced, they would meet at a temperature little, if at 
all, above 187°8°, yet it could not, perhaps, be said with certainty that 
they would meet exactly at that point. 

The difference in density also was still considerable, that of the 
vapour being 0°1951, and of the liquid 0°2761. The deviation of the 
mean density from that calculated from the formula, D,=A — Bt, 
was also greatest at this temperature, and as the variation in density 
above this point must be very rapid as well as considerable, there 
might be a possibility that the formula would not hold good for this 
region. ; 

The specific volumes of normal pentane, both as liquid and saturated 
vapour, were determined with the pressure apparatus up to 197°15°, 
or only 0°05° below the apparent critical temperature ; direct readings 
of the volumes being obtained up to 197°1°%. The volumes of saturated 
vapour were also determined by the sealed tube method up to 197°1°. 
[The specific volumes at lower temperatures may be ascertained from 
the points of intersection of the isothermal curves—pressure-volume 
diagram—with the straight vapour pressure lines, but the extreme 
compressibility both of liquid and saturated vapour makes this method 
altogether untrustworthy near the critical point.] 

The densities given below are calculated from the smoothed volumes, 
which agree very closely with the mean values. 

The mean densities of liquid and vapour are reproduced very well 
by the formula, D,=0°3231 —0-00046t, and it will be seen that the 
differences between the observed and calculated mean densities are 
very small, even at the highest temperatures, and are certainly within 
the limits of experimental error. The law of Cailletet and Mathias, 
therefore, does hold quite to the critical point. 
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| | —_" Mean density. Density of 
| Density of | of = liquid. 
Temp. | “liquid. | saturated | | Density of 
| _— Observed. |Calculated. | «a x 104. ae 
| | | | 
| 
0° | 0°6454 0:0008* 0°3231 0°3231 0 | 807 
3 0°6165 | 0°0025 03095 03093 -2 | 247 
40 0°6062 | 0°0034 0°3048 03047 | -1 | 178 
50 0°5957 00046 0'3001 03001 | 0 | 180 
60 | 05850 00060 02955 Q:2955 | 0 | 97% 
70 0°5739 | 0°0079 02909 02909 | 0 72°6 
80 0°5624 | 00101 + 0°2863 0°2863 | 0 55°7 
90 0°5503 0-0129 0:2816 02817 | +1 42°7 
100 0°5377 00163 02770 02771 | +1 33°0 
110 05248 00203 02725 02725 | 0 25°9 
120 0°5107 0°0250 0°2679 0°2679 | 0 20°4 
130 0°4957 00310 02634 02633 | -1 16°0 
140 0°4787 00386 02587 0°2587 | 0 12°4 
150 04604 00476 02540 | 02541 | +1 9°67 
160 04394 0°0591 02943 02495 +2 7°44 
170 | 0°4162 0°0735 0°2448 02449 | +1 5°66 
180 | 0°3867 00935 02401 02403 | +2 4135 
186 | 0°3643 0°1109 0°2376 02375 | =1 3285 
190 0°3445 01269 0°2357 |  0°2357 0 2°715 
193 0°3253 01440 0°2346 | 02343 -3 2°260 
195 0°3065 01609 0'2337 0°2334 -3 1°905 
196 0°2915 0°1746 02330 02329 -1 1-670 
196°5 02809 01841 02325 02327 +2 1°526 
196'8 0°2730 01925 02327 0:2326 -1 1°418 
196°9 0°2691 01960 02325 02325 0 1:373 
197°0 02640 02005 02323 0°2325 +2 1°317 
1971 | 0°2560 02090 02326 02324 -2 1225 
19715 | 0°2472 02168 02320 02324 +4 1°140 
19772 | — — _ 02324 — 
| 


* Density of saturated vapour at 0° calculated. 


2. The ratios of the density of liquid to that of saturated vapour are 
given in the Table, and it will be seen that this ratio is only 1140 at 
197'15°, and is diminishing rapidly with rise of temperature. The 
only possible conclusion is that at a slightly higher temperature the 
ratio would become equal to unity. In the diagram, Fig. 1 (p. 456), the 
densities calculated from the observed volumes of a gram at and above 
193°, are mapped against the temperature (also the mean densities 
given in the Table above). It is evident that the two curves (liquid 
and saturated vapour) would meet at a slightly higher temperature 
than 197°15°. 

The densities of liquid and saturated vapour, therefore, do become equal 
at the critical temperature. 

3. The ratios referred to under 2, are mapped against the temperature 
at and above 190° in Fig. 2 (p. 456). Both diagrams show clearly that 
the true critical temperature is within a few hundredths of a degree of 
112 
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197:2°.. The apparent critical temperature was determined after the 
readings at 190° had been taken, and before the experiments at inter- 
mediate temperatures were made, and was found to be 197:20°. 

The apparent critical temperature is, therefore, really the temperature 
at which the densities of liquid and saturated vapour become equal. 

4. The“apparent critical temperature observed with the sealed tube 
was between 197°1° and 197°3°; it was, therefore, as far as could be 
ascertained, identical with that determined more exactly with the 
pressure apparatus. [The capacity of the sealed tube was slightly 
greater than the critical volume of the quantity of pentane in it.] 

Several readings were taken, starting both from lower and from 
higher temperatures, but the same result was obtained in every case. 
It is, no doubt, true that the appearance of mist is not confined to the 
exact critical temperature itself, but that it is visible through a very 
small range of temperature ; therefore some mist would first appear at 
a slightly higher temperature when the temperature was falling than 
when it was rising. The appearance of the substance when the volume 
can be altered, is, however, unmistakably different at the critical 
temperature from {what it is at 0°05° above or below it, and in the 
sealed tube the error should certainly not exceed 0°1° either way. 

The apparent critical temperature was thus the same whether the tem- 
perature had been raised or Lowered, and whether the volume was constant 


(sealed tube) or variable (pressure apparatus). 


XLIV.—A Synthesis of Citric Acid. 
By Wit11am Trevor Lawrence, B.A., Ph.D. 


Citric acid has been prepared synthetically by two processes, namely, 
by converting symmetrical dichloracetone, CO(CH,Cl),, into sodium 
dichlorhydroxyisobutyrate, OH*C(CH,Cl),-COONa, treating this with 
potassium cyanide, and subsequently hydrolysing the sodium dicyan- 
hydroxyisobutyrate, OH+C(CH,CN),*COONa, with hydrochloric acid 
(Grimaux, Bull. Soc. Chim., 1881, 36, 21). Secondly, from ethylic 
y-cyanacetoacetate, CN*CH,*CO-CH,*COOC,H,, by hydrolysis with 
hydrochloric acid, and subsequent combination of the product of the 
reaction with hydrogen cyanide (Haller, Ann. Chim. Phys., 1891, 
[vi], 23, 175). 

The formation of citric acid from ethylic acetonedicarboxylate, 
COOC,H,*CH,*CO-CH,:COOO,H,, by the addition of hydrogen cyanide, 
and subsequently hydrolysis of the product (Dunschmann, Annalen, 
1891, 261, 162), can hardly be considered as a synthesis of the acid, 
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since the ethylic acetonedicarboxylate used in the experiments was 
prepared in the first instance from citric acid. 

During the course of some experiments on the condensation of 
bromo-substituted fatty ethereal salts with ketones, it occurred to me 
that ethylic citrate might be synthetically prepared by the condensation 
of ethylic oxalylacetate with ethylic bromacetate, in the presence of 
zinc, as indicated by the following equations. 

C000,H, CH,Br + CO-COOC,H, jis COOC,H,: CH,: C(OZnBr)-COOC,H, 
CH,° COOC,H, CH,* COOC,H, 
COOC,H,- CH,: C(OZnBr)-COOC, H, +H,0= 
CH,*COOC,H, - 
COOC,H,° CH,: ¢(OH)-COOC,H 
CH, COOC,H, 

On testing this experimentally, it was found that ethylic citrate was 
actually formed, although the yield was small, due principally to the 
formation of ethylic oxalate by the decomposition of much of the 
ethylic oxalylacetate, and the formation of ethylic succinate by the 
reduction of the same ethereal salt, as well as by the action of the zinc 
on the ethylic bromacetate.* 

In carrying out this experiment, 17 grams of pure ethylic monobrom- 
acetate were mixed with 20 grams of ethylic oxalylacetate in a round- 
bottomed flask of 300 c.c. capacity provided with an air-condenser 
ground into the neck of the flask. As much zine turnings, dry and 
free from oil and oxide, as would lie on the point of a spatula were 
then added to the mixture, which rapidly became pale brown, the ther- 
mometer indicating a temperature of 50—60°, and the zinc being rapidly 
dissolved. 

The addition of the second portion of zinc was in most cases attended 
by violent ebullition, which was moderated by cooling the flask, taking 
care to shake well, the thermometer rising during the ebullition to 
120—130°. Zine was then added in excess, and after the action had 
subsided, the flask was heated for a short time on the water bath and 
allowed to cool. The product, which resembled plastic sulphur in 
colour and consistency, was poured off, as far as possible, from the 
undissolved, zinc, dilute sulphuric acid and ether were added to it, and 
the whole vigorously shaken until the white zinc compound which 
separated on the addition of the dilute acid had dissolved. 


* A portion also of the ethylic oxalylacetate was removed from the reaction by 
the formation of a zinc compound ; and this frequently appears to happen in analogous 
cases, as, during the course of some experiments, undertaken with the object of con- 
densing ethylic acetonedicarboxylate with halogen compounds, it was found that the 
whole of the ethylic acetonedicarboxylate combined with the zinc to form a stable 
white compound ; this, when well washed with dry ether and decomposed with hydro- 
chloric acid, gave pure ethylic acetonedicarboxylate, which distilled under a pressure 
of 30 mm. without any appreciable decomposition. 


54+ ZnO + HBr. 
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The ethereal solution was washed five times with sulphuric acid, 
three times with water, once with sodium carbonate, again with water, 
and then dried over calcium chloride ; on distilling off the ether, about 
20 grams of residual oil was obtained, the greater part of which, on 
distillation under a pressure of 35 mm. came over below 200°. At 
213—215° about 1 to 2 grams of a nearly colourless oil passed over, 
which, after refractionation, gave the following results on analysis. 


0:2064 gave 03932 CO, and 0:1319 H,O. C=51°96; H=7:05. 
Ethylic citrate, C,,H,,O,, requires C =52°17 and H=7'17 per cent. 


This fraction seemed, therefore, to consist of ethylic citrate, and in 
order to be certain of this, a portion of it was hydrolysed with alcoholic 
potash, and the solution, which had been freed from alcohol by concen- 
tration, was neutralised with hydrochloric acid, and rendered slightly 
alkaline with ammonia. This was then mixed with a solution of cal- 
cium chloride and boiled, when a copious crystalline precipitate was 
formed ; this precipitate was collected, and after being boiled several 
hours with water, again collected and dried at 98°; 0°1971 treated 
with sulphuric acid gave 0°1411 CaSO,. Ca=21°03. 

(C,H,0,),Ca, +4H,O requires Ca = 21°05 per cent., showing the salt 
to be calcium citrate. 

The fraction which distilled over below 200° seems to consist mainly 
of ethylic oxalate, ethylic succinate, and unchanged ethylic oxalyl- 
acetate. 

The thick oil which remains in the flask when the reaction between 
ethylic oxalylacetate and ethylic bromacetate is completed, may also be 
directly hydrolysed by mixing with an excess of alcoholic potash, and 
heating on the water bath for four hours ; the alcohol is then driven off, 
and the thick solution after being diluted, and filtered from the zinc 
oxide, is neutralised with dilute hydrochloric acid; a few drops of 
ammonia and excess of calcium chloride solution are then added, and on 
boiling a crystalline precipitate comes down. 

This, when freed from the mother liquor, is boiled for several hours 
with water, collected, dried on a porous plate and afterwards in the air 
bath at 98°. Analysis gave Ca = 21-025 per cent., (C,;H,0,),Ca, + 4H,O 
requiring Ca= 21-05 per cent. The salt is therefore calcium citrate. 

I should like, at this point, to express my grateful thanks to Prof. 
W. H. Perkin, jun., for many valuable suggestions during this 
research, 


OweENs COLLEGE, 
MANCHESTER. 
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XLV.—Sodamide and some of its Substitution 
Derwatives. 
By Artuur W. TiTHeER.LeEY, M.Sc., Ph.D. 


In a former communication (Trans., 1894, 66, 504), the author des- 
cribed a method for preparing pure sodamide in quantity, and pointed 
to its probable importance as a reagent in organic synthesis. Since 
then its behaviour with various classes of compounds has been examined, 
and a series of derivatives obtained by the substitution of one or both 
atoms of hydrogen in NaNH, by radicles. 

In these reactions, it is essential to apply the sodamide in the finest 
possible state of subdivision, but as it is hygroscopic and readily 
decomposable, it is difficult to powder it in the dry state ; this, however, 
can readily be effected if it is first slightly moistened with benzene. As 
a general rule, owing to the very energetic nature of sodamide, its 
behaviour with organic substances was, in all except a few instances, 
examined in presence of benzene or toluene, or failing the solubility of 
the substance in these, in absolute ether. 


Action of Sodamide on Organic Halogen Compounds. 


In the action between sodamide and ethylic iodide or ethylenic 
dibromide, as already mentioned (Trans., 1894, 66, 521), either no 
change occurs or complete decomposition and charring takes place. 
Similar experiments with other haloid compounds have given like 
results ; thus chlorobenzene reacts slowly, but the change is complex, 
charring occurs, and various products, including phenylic isoeyanide 
and ammonia, are formed. Quinonedichlorimide also gives negative 


results. 

From the results obtained, in general, it appears very probable that 
it is the hydrogen, and not the sodium atom, of the amide that is 
active ; hydrogen chloride would be first formed, and this, with a second - 
molecule of sodamide, would yield the ammonia and sodium chloride 
which are general products in these reactions. ; 

This view that sodium does not combine directly with the halogen 
is further borne out by the behaviour of sodamide with carbon hexa- 
chloride, charring occurs and ammonia is evolved ; among the pro- 
ducts of the change, however, besides sodium chloride, we get sodium 
cyanide and sodium cyanamide, C(NNa),, which points directly to the 
residue NaN— of the sodamide having remained intact, and to the 
hydrogen as having been the active part of the molecule. 

At the same time, it has been found that the energy with which 
the sodium is attached to the nitrogen atom is very much reduced 
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when the hydrogen is replaced by radicles ; but even in these substi- 
tuted sodamides, such as sodium acetamide, considerable difficulty has 
been encountered in attempts to remove the sodium by treatment with 
iodine, bromine, alkylic iodides, &c. 


Preparation of Sodium Derivatives of Oximes, ke. 


Among the interesting and perhaps useful applications to which 
sodamide may be put is the ready preparation of the sodium derivatives 
of those organic substances which, like the oximes, have too faint un 
acid reaction to allow of their preparation or isolation in the ordinary 
way, or even by means of sodium ethoxide. The yields are in all cases 
theoretical, or nearly so. 


Sodium acetoxime, (CH,),C: N-ONa. 


Although the sodium derivatives of many oximes—acetoxime, for 
example—have not previously been isolated, Janny (Ber., 1883, 16, 173) 
obtained what he described as a molecular compound of sodium ace- 
toxime and alcohol. The free sodium derivatives are readily isolated 
by means of sodamide. In the case of acetoxime, 27 grams (a little in 
excess of theory) in benzene solution are added gradually to finely 
powdered sodamide, placed in a flask and covered with benzene. A 


strong evolution of ammonia at once takes placé, and the white sodium 
compound is precipitated. When all the oxime has been added, the 
mixture is heated to gentle ebullition, to complete the reaction, after 
which the thick white gelatinous mass is filtered hot on the pump, 
washed several times with hot benzene, and allowed to dry in a vacuum. 


03649 gave 0°0861 Na. Na= 23°68. 
C,H,NONa requires Na = 24°21 per cent. 
Sodium acetoxime forms a beautiful, very fine white powder, at once 
decomposed by water, giving sodium hydroxide and acetoxime. 
Other sodium oximes have been prepared in a similar way. 


Sodium phenylhydrazine, C,H,;*NNa*H, 


This has already been prepared by Michaelis (Ber., 1886, 19, 2448) 
by distilling an excess of phenylhydrazine with sodium under reduced 
pressure, the sodium phenylhydrazine being left behind as a fairly 
pure, reddish-yellow mass. 

The pure compound may be prepared by acting on sodamide with a 
slight excess of phenylhydrazine in dilute benzene solution. At 40°, 
an energetic action sets in, and a bulky, light, golden-yellow precipitate 
of the pure sodium derivative forms, 

NaNH, +C,H,-NH:NH,=C,H,:NNa’NH, + NH. 
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On decanting off the clear hot solution and allowing it to stand, a 
further quantity separates in beautiful, pale yellow needles, which must 
be quickly collected and dried in an atmosphere of some inert gas, such 
as coal gas. In an attempt to dry them in a vacuum, it was found that 
on opening the exsiccator and allowing air to enter, the crystals were 
at once violently decomposed. They are stable if kept moist with 
benzene, but even then slowly turn pink if exposed to the air. The 
compound is appreciably soluble in benzene and toluene, and may be 
recrystallised from them if large quantities of the solvent are used. 


0°3862 gave 0°0691 Na. Na=17°89. 
O,H,N,Na requires Na= 17°69 per cent. 


Sodium hydrazobenzene has been prepared by means of sodamide in 
a somewhat similar manner ; it will be described subsequently. 


Substitution Derivatives of Sodamide. 


The replacement of part of the hydrogen of the NH, group in 
aniline, on heating it with sodium or potassium, was observed soon 
after the preparation of aniline itself, but the products are dirty, 
partially decomposed substances, especially the sodium compound, 
whose formation does not begin to take place till about 200°. 


A few amines and amides of a still more negative character, such as 
acetanilide and diacetamide, give sodium derivatives more readily, and 
these may be regarded as sodamide whose hydrogen atoms are both 
replaced. . 

Among other substituted sodamides already known, is the sodium 
compound of diphenylamine, and, during the last few years, other 
similar derivatives have also been obtained as intermediate products 
in certain synthetical reactions. 

Curtius (Ber., 1890, 23, 3039) prepared sodium benzamide from 
benzamide and metallic sodium and examined its properties, but did 
not analyse it. With acetamide, however, hydrogen and ammonia were 
evolved, and a yellow oil separated which finally solidified ; this he 
thought was possibly (CH,* CO),NNa, but he did not investigate further. 

More recently, Blacher (Ber., 1895, 28, 432 and 2352), by acting on 
benzamide, acetamide, phenylurea, succinimide, and phthalimide, with 
an alcoholic solution of sodium ethoxide, obtained the corresponding 
sodium derivatives, although he did not isolate them, but merely investi- 
gated their behaviour with benzylic chloride and other compounds. 

The possibility of any action occurring between the organic amides 
or aromatic amines and sodamide was overlooked until, by accident, 
the author found that paratoluidine in contact with sodamide gave off 
ammonia, the mass becoming very dark where exposed to the air. 
Diphenylamine behaved similarly, whilst diphenylamine nitrosamine 
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gave no action. This indicated that the hydrogen of the NH group 
had reacted thus : 


(C,H,),NH + NaNH, =(C,H,).NNa + NH,. 


This equation has been confirmed quantitatively, and the method 
applied for the preparation of other sodium amides in the aromatic 
series. It would appear that the negative character of the neighbour- 
ing phenyl groups renders the hydrogen of these amines replaceable by 
sodium on treatment with sodamide, for experiment showed that in 
the aliphatic amines no such replacement occurs, whilst the acid amides 
of the aliphatic series, on the other hand, give rise very readily to 
sodium substituted amides according to the general reaction 


R-CONH, + NaNH, = NaNH-CO-R+NH;. 


The simple alkyl substituted sodamides, such as NaNH°C,H,, appear 
to be very difficult to obtain, and as yet the author has succeeded in 
preparing only one potassium compound by the action of ethylamine 
on metallic potassium. 


Potassium ethylamide, C,H,;"NHK. 


According to the text-books, when methylamine or ethylamine is 


passed over heated potassium, potassium cyanide and hydrogen are 
produced thus : 
2CH,°NH, + K, = 2KCN + 5H,,. 


When, however, dry, gaseous ethylamine is slowly passed over very 
gently heated potassium, the gas is found to behave very similarly to 
ammonia. In one experiment, a small quantity of the metal was heated 
to about 200° in a silver boat, within a glass tube, in a slow stream of 
the amine. Hydrogen was liberated, and the bright metallic surface 
became quickly covered with light greenish-yellow, oily-looking drops, 
ultimately forming a liquid in which the globule of potassium floated. 
The amide begins to decompose slowly on continued heating, but by 

_employing small quantities of the metal at a time, it may be converted 
into the ethylamide before decomposition sets in; otherwise, the 
amide gradually froths and blackens, giving potassium cyanide and 
charcoal. 

Potassium ethylamide is a greyish-white, brittle solid melting between 
200° and 300° to a thin liquid of greenish tinge, very similar to potass- 
amide. It is very deliquescent, being at once decomposed by moisture ; 
water acts violently on it, giving potassium hydroxide and ethylamine, 
whilst alcohol behaves similarly, though less violently. Since it was 
possible to obtain only small quantities at a time, no syntheses with 
its aid were attempted. 
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Sodium phenylamide, 0;H,*NHNa (sodium aniline). 


This, which has previously been obtained in an impure state by the 
action of sodium on aniline, can be prepared much more readily and 
in a pure state by means of sodamide. The action commences in the 
cold when the sodamide is mixed with aniline, ammonia being quickly 


evolved. 
NaNH,+C,H,-NH,=C,H,-NHNa + NH;,. 


In order to ascertain whether the action proceeded on the lines of 
this equation, that is, where equal molecules react, two molecules of 
sodamide were taken to one of aniline, and heated (1) in boiling benzene 
solution, (2) alone in an oil-bath for half-an-hour at 160—-170°, that is, 
above the melting point of sodamide. The ammonia evolved was 
estimated. The results showed that in both cases only one molecule of 
sodamide reacts, and it is, therefore, impossible by its means to intro- 
duce more than one atom of sodium into the NH, group. It is stated 
that by the action of free sodium on aniline both C,H,-NHNa and 
C,H,*NNa, are formed. 

If the preparation of sodium phenylamide is conducted with access of 
air, the whole speedily turns dark brown owing to oxidation, and even in 
benzene solution the reaction is not satisfactory, the boiling mixture 
soon darkening, and ultimately becoming black. The best results were 
obtained when sodamide and aniline were heated in a medium-sized thin 
blown glass bulb or flask, through which .a gentle stream of dry coal 
gas was passing. In one experiment, 4 grams of finely-powdered soda- 
mide was quickly added to 9°4 grams of aniline, air being excluded as 
completely as possible ; the mixture immediately grew hot, and frothed 
considerably, with rapid evolution of ammonia, at the same time becoming 
amber-coloured. It was then kept at 120° for about 20 minutes, 
when, the evolution of ammonia having almost ceased, the mass became 
nearly solid ; to complete the reaction, it was heated at 160—170° for 
about 5 minutes. The sodium phenylamide formed a brown, oily- 
looking liquid, which, on cooling, solidified to a greyish-yellow, amorphous 
mass with a conchoidal fracture ; when powdered, it is light yellow. 
The yield is practically theoretical. The compound is best removed 
from the bulb by breaking the latter and quickly storing the lumps in 
an atmosphere of coal gas. If an attempt is made to grind or keep it 
under benzene, it darkens at once owing to oxidation, but in the dry 
state it blackens much less easily, although after a short time it deli- 
quesces, giving sodium hydroxide and aniline, and apparently forming 
azo-derivatives. Water at once causes the separation of aniline. 


0°6125 gave 0°1254 Na. Na=20°47. 
C,;H,NNa requires 20°00 per cent. 
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Sodium diphenylamide, NaN(C,H;),. 


This compound has not hitherto been isolated, although it is doubtless 
an intermediate product in the preparation of triphenylamine (Heydrich, 
Ber., 1885, 18, 2156), and in the preparation of tetraphenylhydrazine 
(Chattaway and Ingle, Trans., 1895, 69, 1090). 

It is readily prepared by heating an intimate mixture of pure 
diphenylamine (10 grams) and sodamide (2 grams), in molecular pro- 
portion, in a gentle current of dry coal gas. On raising to the melting 
point of the amine (55°), a rapid action sets in, a large volume of 
ammonia being liberated, and after a few minutes the whole mass 
becomes solid; on now heating to over 200°, it melts again, a little 
more ammonia comes off, and a thin liquid of faint greenish tinge is 
left. Any slight excess of diphenylamine may be removed at this 
temperature by volatilisation in the stream of coal gas. On removing 
the flask from the oil bath, the sodium diphenylamide quickly solidifies 
to a fine, white, stellate crystalline mass of long, tough, silky needles, 
melting at 265°. The yield is theoretical, and the product quite pure. 
Several attempts to prepare the compound in presence of benzene and 
toluene proved fruitless, owing to the incompleteness of the reaction, 
and to the great rapidity with which the sodium compound blackens 
when moistened by them. 


08400 gave 0°0990 Na. Na=11°79. 
C,,H,,.NNa requires Na= 12°04 per cent. 


Sodium diphenylamide is very deliquescent, and is decomposed by 
water, giving sodium hydroxide and diphenylamine, which, being solid, 
forms a coating, and prevents rapid action in the cold. 


Sodium B-naphthylamide, C,,H,"NHNa. 


This substance is readily prepared by a similar method, using theo- 
retical quantities of B-naphthylamine and sodamide. The mixture is 
first heated in the oil bath to 112° (melting point of the amine) at 
which temperature the reaction is nearly completed ; afterwards the 
‘whole is kept for a short time at 180—190° until no more ammonia is 
evolved. The sodium compound at this temperature forms a dark liquid, 
which solidifies at about 150° to a greenish, amorphous mass with con- 
choidal fracture. The yield is practically theoretical. 

Sodium £-naphthylamide when finely ground is a light, yellowish-green 
powder, very deliquescent in the air, and readily decomposed by water 
into sodium hydroxide and f- saphthylamine. 

Sodium paratolylamide, C-H,;-NHNa (sodiumtoluidine), and other 
substituted sodamides in the aromatic series have been prepared on 
analogous lines ; they present similar properties to the foregoing. 


TITHERLEY : SODAMIDE AND SOME OF 


Action of Sodamide on Organic Amides. 


It is best to use a fairly dilute benzene solution of the amide, slightly 
in excess of theory, the whole being kept at gentle ebullition on the 
water bath, in a flask fitted with a reflux condenser, until ammonia 
ceases to be evolved, a process which usually occupies from 2 to 4 hours. 
Only one atom of sodium is capable of replacing the hydrogen of the 
NH, group of the organic amide, and the substituted amide separates 
as a fine, white, flocculent precipitate, or minute glistening plates, of the 
pure substance. The yields are in all cases either theoretical or 
practically so. 

These sodamide derivatives, especially those of larger molecular 
weight, are appreciably soluble in benzene, and may sometimes be re- 
crystallised from it. They are soluble in alcohol without decomposition, 
but are at once decomposed by water, forming in the cold sodium 
hydroxide and the amide, whilst, if hot, the liberated amide is, of course, 
more or less decomposed into ammonia and the sodium salt of the 
corresponding acid. 

The investigation of the behaviour of these sodium derivatives 
towards halogens, haloid compounds, &c., is at present being examined 
with a view of effecting general syntheses, the results of which will be 
described subsequently. 


Sodium formamide, H:CO-NHNa. 


Benzene is not used in preparing this compound on account of the 
slight solubility of formamide in it. It is best obtained by triturating 
the theoretical quantities of formamide and sodamide, finely ground, 
under benzene. Rapid effervescence sets in, owing to the evolution of 
ammonia, and the mixture quickly changes into the bulky white sodium 
derivative. When the whole has been thoroughly triturated, and has 
ceased to evolve ammonia, it is transferred to a flask with an excess of 
benzene, and boiled for two hours to complete the action ; it is then 
collected hot by means of the pump, and allowed to dry in a vacuum. 
The yield is theoretical. 


0:2895 gave 0:0993 Na. Na=34:30 
NaNH,CO requires Na = 34:33 per cent. 


Sodium formamide is a fine white powder, deliquescent, and very 
easily decomposed ; it is not very soluble in alcohol and practically 
insoluble in benzene, On heating, it gives off ammonia and carbon 
monoxide, and chars. On adding alcoholic silver nitrate to its solution 
in carefully cooled alcohol, an orange-red precipitate of the silver deriva- 
tive is produced, apparently H:CO-NHAg. This is very unstable and is 
decomposed at once by water, giving silver oxide, and even in presence of 
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absolute alcohol quickly decomposes, becoming black after a short time, 
and depositing a mirror of silver. The decomposition is immediate if 


gently warmed. 


Sodium acetamide, CH,»CO*-NHNa. 


This has already recently been formed though not isolated by Blacher 
(Ber., 1895, 28, 432 and 2352). 

In its preparation, 20 grams of finely powdered sodamide suspended 
in about 200 grams of boiling benzene are treated gradually with 
30 grams of acetamide dissolved in warm benzene, in the manner already 
described. In two or three hours, the sodium derivative separates as a 
thick, white, gelatinous-looking mass of small plates, which, when dry, 
have a glistening, pearly lustre. 

05992 gave 0'1022 nitrogen. N=17°05. 

02310 ,, 0°0650 Na. Na=28°14. 

C,H,NONa requires N =17'28; Na= 28-39 per cent. 

Sodium acetamide is slightly soluble in benzene, and dissolves readily 
in absolute alcohol without decomposition. It melts at about 300—350° 
(in an atmosphere of hydrogen), and on cooling solidifies to a stellate 
crystalline mass. 

When an alcoholic solution is treated with alcoholic silver nitrate, 
a bulky, bright orange-red precipitate of the silver derivative is im- 
mediately thrown down; this appears to be very unstable, although 
not to the same extent as silver formamide. It decomposes immediately 
on gently warming, or on treatment with water, becoming black. If 
left in presence of alcohol, it darkens slowly, so that even during the 
process of filtering it becomes nearly black. 

The reactions of silver acetamide, &c., with iodine, alkylic iodides, é&c., 
are at present under investigation. They appear to be quite anoma- 
lous, yielding results different from what was to be expected. 


Sodium propionamide, CH,* CH," CO-NHNa. 


Six grams of propionamide dissolved in 80 grams of hot benzene are 
gradually added to 3 grams of finely ground sodamide under 40—50 
grams of boiling benzene. This sodium derivative forms a thick, almost 
gelatinous, precipitate, which, when dried in a vacuum, falls to a fine, 
snow-white powder. The yield is theoretical. 

0:2668 gave 0:0390 nitrogen and 00644 Na. N=14-°63 ; Na=24'12. 

C,H,NONa requires N=14°73 ; Na=24-21 per cent. 
It is readily soluble in alcohol, and somewhat soluble in benzene. 


The silver derivative is bright orange, and very easily decomposable by 
moisture or by warming. 
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Sodium benzamide, C,H,-CO-NHNa. 


This has previously been obtained by Curtius (Ber., 1890, 23, 3039) 
by boiling benzamide in xylene solution with sodium for 30 hours ; and 
by Blacher (Bev., 1895, 28, 432). 

By means of sodamide, its preparation is very simple, benzamide 
(12 grams) in boiling benzene solution is added to finely ground 
sodamide (4 grams), and the whole heated for 2 hours until ammonia 
ceases to be evolved. The sodium derivative separates as a thick, 
gelatinous precipitate, which falls toa fine white powder when dry. The 
yield is theoretical, and the compound possesses the usual properties of 
the substituted sodamides. 


0°3815 gave 0°0623 Na. Na=16°33 
C.H,NONa requires Na = 16-08 per cent. 


With alcoholic silver nitrate, its solution in alcohol gives en orange- 
brown precipitate of the silver derivative, which as yet has not been 
further investigated. 

Tafel and Enoch (Ber., 1890, 23, 104) obtained white silver benzamide 
by adding the equivalent quantity of sodium hydroxide to a mixture of 
silver nitrate and benzamide in aqueous solution. This white precipi- 
tate was stable in cold water, but not in hot, and reacted readily with 


ethylic iodide, giving benzimido-ethylic ether, OH, 0<h 4 H from 


which they concluded that the silver atom was attached to the oxy- 


gen and not direct to the nitrogen, that is, C,H;,° en and not 


C,H,-CO-NHAg, and pointed to the possibility of benzamide itself 
having a constitution corresponding to the first of these two formule. 

Lachmann (Amer. Chem. J., 1896, 18, 600—608) also concluded, 
from the action of phosphorus trichloride on benzamide, that the 
latter and certain other acid amides possessed the imidohydroxy- and 
not the ordinary amide formula. 

The fact, however, that sodium benzamide, sodium formamide, «c., 
give rise to ved or orange silver compounds would point to the proba- 
bility of the silver and consequently the sodium in such substituted 
amides being directly attached to the nitrogen atom. This conclusion 
is further borne out by the fact that the foregoing sodium derivatives 
do not readily react with haloid compounds, for if the sodium were 
attached to oxygen in a replaced hydroxyl group, ethylic iodide, <c., 
would easily yield alkyl derivatives. Hence it must be supposed that 
the above amide sodium compounds are true sodamide derivatives, and 
not sodium salts of the type aed 


Whether the acid amides themselves, however, are to be represented 
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by the constitutional formula R<On or ROM is a question to 


be explained probably only on the lines of tautomerism, on which the 
extension of this work may possibly throw further light. 
CHEMICAL LABORATORY, 


UNIVERSITY COLLEGE, 
LIVERPOOL. 


XLVI.—Rubidamde. 
By Arrnuur W. Tituer.ey, M.Sc., Ph.D. 


TuE behaviour of metallic rubidium towards ammonia is similar to 
that of the other alkali metals described in a previous paper (Trans., 
1894, 66, 504—519). It was there pointed out that lithium displaces 
hydrogen in ammonia with considerable energy, potassium less violently, 
whilst sodium, although it reacts readily, is not nearly so active as 
potassium. Lithium, even in the cold, quickly absorbs the gas and 
forms a bright orange liquid coating, or lacquer, on its surface, which 
appears to be a solution of lithium in ammonia analogous to sodammo- 
nium, and which at once changes to lithamide on heating. 

Metallic rubidium has a more marked action on ammonia than either 
potassium or sodium, although not so energetic as lithium, which 
usually glows when heated in the gas. The experiments with rubidium 
were carried out in a silver boat, contained in a silver-lined glass 
tube, as previously described ; for rubidamide, like its analogues, has a 
corrosive action on glass and porcelain. When small pellets of the metal 
are exposed to a slow stream of pure gaseous ammonia, the formation 
of rubidamide commences in the cold, the bright surface of the metal 
becoming coated with a white crust, which more or less protects it 
from the further action of the gas. On heating to between 200—300°, 
this fuses to oily drops which quickly flow off, and being specifically 
heavier, leave the metallic surface of the floating melted rubidium 
exposed to the action of the ammonia. While in contact with the metal 
the liquid is dark blue, and contains rubidium in solution, probably as a 
di-rubidammonium, Rb,H,N-NH.Rb,, that is, a solution of the metal 
in melted rubidamide, analogous to Joannis’ solution of sodium in liquid 
ammonia. 

This beautiful dark-blue solution is in every way similar to that 
obtained in the case of sodium and potassium, and on heating in 
ammonia becomes quickly decolorised, forming rubidamide. 

In the preparation of the amide as above, the action proceeds with 
great readiness, hydrogen being continually evolved, and if only 
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0°25 gram of the metal is taken, the conversion is complete in less 
than 5 minutes. The action is, therefore, more rapid than in the case 
of potassium, but the metal does not glow, as in the case of lithium. 

On allowing the melted amide to cool, it solidifies to a white, crystal- 
line, glistening mass of small plates, very similar to potassamide. 
Lithamide crystallises in needles, 

Composition.—This was only determined by the somewhat rough 
method of synthesis, owing to the difficulty of making an analysis 
with comparatively small quantities of such an excessively hygroscopic 
substance. The method adopted was similar to that used in the 
case of the other amides, in which a short silver or platinum-lined 
tube, provided with two stopcocks, and containing a silver boat, was 
used.- The method is not accurate owing to the slight loss by volatili- 
sation during the synthesis of theamide. This renders the percentage 
of rubidium higher than it should be, but the result is sufficient to 
show that the composition of rubidamide corresponds to the formula, 


RbNH,. 


Weight of rubidium Weight of rubidamide Percentage of 
taken. formed. rubidium. 
0:2383 0:2760 

Theory for RbNH, 


Among the properties of rubidamide, its melting point is of interest. 
This was determined in a similar way to that of sodamide, &c., and 
was found to be 285°—287°, which is close to that of potassamide. 
The melting points of the four amides of the alkali metals are as 


follows : 
Melting point. 


Sodamide, NaNH, 155° 

Potassamide, KNH, 270—272° 
Rubidamide, RbNH, 285—287° 
Lithamide, LiNH, between 380° & 400° 


In the fused state, rubidamide, like the others, forms a greenish- 
brown, oily liquid, which has a tendency to creep, and which assumes 
a darker colour on heating more strongly, probably owing to slight 
dissociation. At about 400°, it begins to distil as a brownish-liquid, 
and, if the vapour is more quickly cooled, part of it is deposited as a 
white sublimate or powder. In one experiment, conducted in a 
platinum-lined glass tube containing a silver boat, the rubidamide was 
heated for some time in a gentle stream of ammonia; most of it dis- 
tilled away, and on cooling the residue had a glassy appearance, but 
consisted entirely of unchanged rubidamide. There was no evidence 
whatever of the formation of any nitride such as Davy and Gay Lussac 
were alleged to have obtained in the case of potassamide, 
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On heating rubidamide in contact with glass, it at once attacks the 
latter, effervescing from evolution of ammonia, and being converted into 
rubidium silicate. The action, however, is not nearly so marked as 
that of sodamide or even potassamide. 

Rubidamide is an excessively deliquescent substance, and is violently 
decomposed by water, giving ammonia and rubidium hydroxide ; it is 
less violently. acted on by alcohol, but effervesces, evolving ammonia 
and forming rubidium ethoxide. 

The action of rubidamide on organic compounds, as would be ex- 
pected, is similar to that of its analogues. Complex organic matter is 
at once charred, whilst organic compounds of an amidic or faintly acid 
nature, &c., evolve ammonia, and suffer replacement of a hydrogen 
atom by rubidium. Thus, for instance, when the ground amide is 
warmed gently with a benzene solution of acetoxime, ammonia is 
quickly liberated and a white precipitate of rubidium acetoxime is 
produced ; when collected and dried, it is a fine, white powder. The 
action is similar to that of sodamide (see p. 461), thus: 


(CH,),C;N:OH + RbNH, = (CH,),C:N- ORb + NH;,. 
CHEMICAL LABORATORY, 


UNIVERSITY COLLEGE, 
LIVERPOOL. 


XLVII.— Observations on the Properties of some Highly 
Purified Substances. 


By W. A Suenstone, Lecturer on Chemistry in Clifton College. 


INTRODUCTION. 


THE interesting observations made during the last few years by 
Prof. H. B. Dixon, Mr. H. Brereton Baker, and others have shown 
that many chemical changes only take place in the presence of some 
substance, presumably the vapour of water, which can be readily re- 
moved by phosphoric anhydride. The number of well established cases 
of the kind, moreover, is sufficiently great to give rise to the question 
—may not the occurring of all chemical changes depend on the presence 
of the vapour of water among the acting substances ? 

On the other hand, a good many of the changes which have been 
examined have not hitherto been prevented by the withdrawal of 
water vapour from the sphere of action,* and it seems to me that a 
stage has been reached at which it is more important to re-examine 


* For a list of most of the changes hitherto examined, see Baker, Trans., 1894, 
65, p. 611. 
K K 2 
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as carefully as possible the changes comprised in the latter and 
smaller class, than to search for fresh examples of conformity to what 
I may, for convenience, term the general rule. I have, therefore, 
spent a good deal of time during the past two or three years in 
further investigating several of these so-called exceptions. 


CoNTENTS. 


Influence of Moisture on the Production of Ozone from Oxygen..... 

Influence of Moisture on the Stability of Ozone 

An Electric Furnace for gradually heating delicate glass apparatus to high 
temperatures without risk of breakage 

A method for preparing highly-purified Chlorine by fractional electrolysis 
of Silver Chloride 

An improved form of vacuum tap 

Method for preparing highly purified Mercury and of drying it 

Method for drying Chlorine, Bromine, and Iodine 

The behaviour of highly purified Mercury in highly purified Chlorine, 


Bromine, and Iodine respectively 
The behaviour of highly purified Chlorine under the influence of the 


silent electrical discharge ......... . peisenpnieee 
The use of fused Silver Chloride in manometers for experiment with the 


Halogens ......... scesenspeees 
The behaviour of highly purified Chlorine i in n Sunlight 


I, 


INFLUENCE OF MOISTURE ON THE PRODUCTION OF OZONE FROM OXYGEN 
By ExLectric DISCHARGE, AND ON THE STABILITY OF OZONE. 


In their classical memoirs on ozone, both Andrews and Tait, and also 
Brodie, distinctly indicate their opinion that the oxygen employed for 
the production of ozone should be carefully dried. In the description 
of his process, Brodie says: ‘‘The gas is thus submitted to the electric 
action in a very dry condition, which is an essential point for the 
production of a considerable percentage of ozone” (Phil. Trans., 1872, 
p. 438), whilst Andrews and Tait state that their experiments 
could not be carried on in the presence of water, as ozone is rapidly 
destroyed by. contact with that substance (Phil. Trans., 1860, p. 114). 
I am inclined to suppose that these statements were founded on the 
fact that when ozonised oxygen is mixed with steam at the boiling 
temperature, the ozone is rapidly destroyed (see Andrews, Phil. Trans., 
1856, p. 11). 

In 1887, shortly before the publication of Brereton Baker’s interest- 
ing memoir on combustion in dry oxygen (Phil. Trans., 1888, A, p. 571), 
Mr. Cundall and I showed that carefully dried oxygen is readily con- 
verted into ozone and, incidentally, that dry ozone has no oxidising 
action on mercury. These observations have recently been confirmed 
by Baker (Trans., 1894, 65, loc. cit.). In 1887, however, the effect of 


SOME HIGHLY PURIFIED SUBSTANCES. 473 


the electric discharge on oxygen had to be observed with the aid of 
manometers containing strong sulphuric acid, so that quantitative 
experiments of a suitable kind were then impossible ; and therefore 
when Mr. Priest and I overcame, in 1893, the difficulties which for 
long prevented the use of a mercury manometer in experiments with 
ozone, I thought it desirable to repeat my former experiments. After 
a good deal of unavoidable delay, I have now succeeded in doing 
this, and the results show, quite unmistakably, that all previous 
statements on this subject are wrong. 

I commenced the work with the expectation that a numerous series 
of observations would be required, but owing to the great risk of 
accident, and indeed of the spontaneous breaking of the apparatus, 
I found as I proceeded that I must content myself with the three 
experiments described in this paper. Fortunately, these have proved 
sufficient for my purpose. 


Method of Experimenting, and Results Obtained. 


For the sake of brevity, I shall omit all details so far as they have 
already been described in a former paper (Shenstone and Priest, 
Trans., 1893, 68, p. 938). All the details of the manipulations, 
necessary precautions, and sources of error not mentioned here will be 


found in that earlier paper. 

The apparatus employed is shown in Fig. 1 (p. 474). It was entirely 
built up before the blow-pipe except that a cup-joint sealed with 
mercury was employed at X. It was filled as described below. 

At the beginning of the experiments, after the air traps, I I’, had 
been filled with mercury, the apparatus was exhausted until the 
tension of the residual air was less than 0°02 mm., then the whole 
apparatus, except A, was heated with a naked flame while the pump- 
ing was continued, and oxygen was afterwards slowly generated in one 
of the hard glass tubes, G G’ G’, from a mixture of the chlorates of 
sodium and potassium, to which a little solid potash had been added, as 
recommended by Scott (Phil. Trans., 1893, A, p. 544). The tube, G, was 
then removed. The apparatus, now filled with oxygen, was again 
heated throughout, while the ozoniser A, which could not then be 
safely heated, was sparked for one hour, and the drying material, 
highly purified phosphoric anhydride (Trans., 1893, 68, p. 475), was 
heated in D until a good deal of it had sublimed, in order to remove 
any gas that might be condensed upon its surface.* During the latter 


* It has lately been stated (Baly and Ramsay, Phil. Mag., Sept., 1894, 320) that 
phosphoric anhydride evolves a considerable quantity of carbon dioxide when strongly 
heated, and as the presence of the latter would be very objectionable, the anhydride 
used was carefully sublimed in a current of oxygen, and preserved from the air 
as much as possible afterwards. 
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Fic. 1. 


operations the pump was worked slowly, but as soon as they were com- 
pleted, the oxygen was pumped away rapidly, in order to remove the 
impurities previously expelled from the glass. 

The apparatus was now again filled with oxygen, heated, sparked, 
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thoroughly exhausted, and then strongly heated for a long time while 
vacuous, pumping continuously. Afterwards, it was rinsed out thrice 
with oxygen, and again exhausted. Water vapour, free from air, was 
now admitted into the exhausted apparatus from a bulb M, kept at 0° 
in the chamber K, by ice and water in N. This was effected by drop- 
ping the weight, L, upon M, by fusing the two fine platinum wires 
previously employed to support it. Finally, the apparatus was filled 
with oxygen to a suitable pressure, mercury was admitted to the mano- 
meter B, the contents of the drying chamber D were isolated by 
admitting mercury into the U-tube OO, and the tube CC was sealed 
before the blow-pipe at Q. I satisfied myself by measurements made 
subsequently that little or no loss of water occurred during these opera- 
tions, and that the oxygen thus confined in the ozone generator A, 
and the tube C C, contained sufficient water to saturate it at 0°. 

It will be noticed that there were two passages from the rest of the 
apparatus to the pump. One of these, 8, consisted of a tube packed with 
solid potash to prevent water vapour from reaching the pump at the 
earlier stages of the experiment, the other, H, was used for adjusting 
the final pressure of the moist oxygen, with which operation the 
potash in 8 would have interfered. 


Influence of the Electric Discharge on Moist Oxygen at 0°. 


It should be mentioned that the ozone generator A, the drying 
chamber D, and the tubes C C and E, had been calibrated before the 
apparatus was put together; and that whenever an experiment was made 
the whole was screened from the body of the operator by two sheets of 
glass. When making an experiment, the contents of the apparatus 
were carefully divided between the ozoniser A, and the drying chamber 
D (both previously cooled to 0°), by simultaneously bringing the mercury 
in the manometer to a reference mark, and closing the bend of O, which 
had been previously slightly opened. The mercury in E was then 
brought to a reference mark F, that in the manometer to a mark at 
B, the pressure required for this, the height of the barometer, and the 
temperature of the air were noted, and the volume of gas in A and CC 
under standard conditions was calculated from the data thus obtained. 

The known volume of oxygen in A and © C was then submitted to 
the electric discharge, and when fully ozonised its volume under 
standard conditions was again determined ; from the observed con- 
traction, the amount of ozone formed could be calculated. 

As the volume, temperature, and pressure of the unozonised oxygen 
in C C were known, it was simple to calculate what proportion of the 
oxygen actually submitted to the discharge in A had been converted 
into ozone. 

The oxygen, saturated with water vapour at 0°, was ozonised several 
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times on different days, the lowest proportion of ozone formed corres- 
ponded with 13:3 per cent. of the oxygen submitted to the discharge, 
whilst the largest proportion was 13°6 per cent. The lower yield was 
undoubtedly due to slightly imperfect cooling of the ozone generator, 
but even the lowest percentage of ozone produced is at least as great 
as that which I have usually obtained from moderately dry oxygen 
under corresponding conditions.* 

The slow rate at which the ozone disappeared in the intervals be- 
tween the experiments showed that ozone is certainly not destroyed 
quickly by contact with water vapour at moderately low temperatures. 


Influence of the Electric Discharge on Moderately Dried Oxygen. 


In order to dry the oxygen for my next experiment, convection 
currents were started and maintained in A, and the gas was then gradu- 
ally pumped from A into D, and vice versa, by alternately raising and 
lowering the reservoir, R’, at regular intervals, abeut ten times in a . 
day of nine hours. By measuring the effect of a given number of 
such pumping operations, I found that fifty of them were sufficient to 
reduce the tension of the water vapour present from, say, 1 mm. to 
0'1 mm. ; and I have used this observation as the basis for calculating 
the hygrometric state of the gas at subsequent stages ; this method 
of calculating is, of course, open to criticism, but it is the best that 
presents itself for the present, and the statements based upon it will 
be more helpful to any one who may repeat my experiments than 4 
mere enumeration of the number of times the mercury was introduced 
into and removed from OO. The probability is, of course, that the 
gas was less dry than my figures suggest. 

When I concluded that the tension of the water vapour present had 
been reduced to about 00001 mm. (probably, however, there was a 
certain amount of condensed moisture on the glass), the contents of 
the apparatus were again carefully divided, and submitted to the 
electric discharge. The oxygen was now, of course, ata slightly lower 
pressure than before, but as it has been shown that small differences of 
pressure are without appreciable influence on the proportion of ozone 
produced (Hautefeuille and Chappius, Compt. rend., 91), this was 
unimportant. 

The results obtained were decidedly interesting. In the first place, 
the highest proportion of ozone I could obtain corresponded to 11:1 per 
cent. only of the oxygen submitted to the discharge. Secondly, the 
ozone now appeared to be singularly instable. When ozonising wet 
oxygen, I have always found it most convenient to submit the gas first 
to a rapid succession of discharges, and afterwards, when the rate of 


* I was not, however, using the same ozone generator as before, and different 
instruments do not give strictly concordant results, 
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contraction has become very slow, to allow the ozone generator to 
cool (as a rapid discharge usually warms the gas a little), and to finish 
off with a slower discharge of about 60 to 80 sparks per minute. 

When, however, oxygen, dried as described above, was treated in 
this way, it was found that the proportion of ozone in the gas diminished, 
during the action of the slow discharge, instead of increasing. This 
circumstance, together with the fact that the ozonised gas now visibly 
expanded whenever the discharge was stopped, seems to imply that the 
partial drying of the contents of the ozone generator had diminished 
the stability of the ozone. 

Fortunately, as I had commenced my experiments with the intention 
of examining the influence of water vapour on the stability of ozone, 
I had already studied the rate at which ozonised oxygen loses ozone 
in the presence of moisture, and I was therefore able to follow up these 
unexpected observations. 


Influence of Moisture on the Stability of Ozone. 


1. Moist oxygen well charged with ozone loses ozone so slowly at 
0°, that satisfactory measurements cannot be made within a reasonable 
time; it is therefore necessary to study the behaviour of the damp 
gas at a higher, temperature.* 

Moist oxygen, well ozonised, was maintained at 26°4° for 9 hours ; 
during that time the proportion of ozone present was only reduced by 
2 per cent., and during the last 4 hours only 0-4 per cent. disappeared, 
although, at the beginning of the latter period, nearly 12 per cent. 
must still have been present. 

2. On the other hand, after the gas has been dried, as described 
above, it is impossible to study its behaviour at so high a tempera- 
ture as before, as even at 0°, on stopping the discharge, the ozone 
decomposes so quickly that it is difficult to measure the exact pro- 
portion present. 

The following observations were made with moderately dried oxygen. 
. a The oxygen charged as strongly as possible with ozone (11:1 
per cent.), was kept at 0° for 33 minwies, and then remeasured. 
The proportion of ozone was found to have fallen to 9°5 per cent., 
that is, a loss of 1°6 per cent. had occurred. 

6. A similar experiment was made, except that the proportion of 
ozone at starting was only 11 per cent. In 30 minutesa loss of 1:4 
per cent. took place. 

From these observations, it seems certain that water vapour, at the 


ordinary temperature, retards the reverting of ozone to oxygen in a 
very remarkable degree. 


*In a former research, Joc. cit., Mr. Priest and I made a similar observation. 
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The circumstance that it is necessary to study the behaviour of 
the moist and dried gas at different temperatures, renders it difficult to 
institute an exact comparison, but I may point out that the experiments 
make it clear that the dried ozone at 0° underwent decomposition 
about 30 times as rapidly as the damp gas at 26°4°, and this in spite 
of the fact that the damp gas was a trifle more highly charged with 
ozone at starting than that which had been dried. Ithink there can 
be no doubt but that, under the same conditions of temperature, the 
contrast would be much more striking. 


Influence of more thorough Drying of the Oxygen on the Production of 
Ozone. 


When the above experiments were completed, [ proceeded to dry 
the gas more thoroughly ; for this purpose, it was necessary to heat 


the whole of the apparatus strongly. 
It would have been very dangerous, 
if not impossible, to have applied a 
naked flame to both the outer and 
inner tubes of the ozone generator, 
but I succeeded in heating it to a 
high temperature by means of the 
little furnace shown in Fig. 2. 

This little furnace was heated 
by passing an alternating current 
through W and W’. A choking 
coil in circuit with W W’ was used 
to regulate the temperature, and a 
blank experiment, made with an 
ozone generator, similar to that 
which I was using, enabled me to 
judge the temperature employed. 
With this furnace, the ozone gene- 
rator was heated to between 300° 
and 400° four times for several 
hours, at intervals of 2 weeks, the 
final heating lasting 6 hours. Each 

A and B are the tubes of the OZ0N€ time it was heated, its contents 
generator, C is a closed tube of thin ao ; 
glass, D one of thick Jena glass, WW W®re diligently pumped into D, at 
a platinum wire embedded in asbestos short intervals, for a day of fourteen 
paper and coiled between C and D, or fifteen hours, and the pumping 
W’ W’ wires in circuit with W and was continued at longer intervals 
bef Ry chynmdig any agate aay during the whole period of 2 months. 

Whenever A was heated, the tubes 


C C, and the side B of the gauge were also heated. 


Fic. 2. 
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When I reckoned that the tension of the water vapour had been 
reduced to, say, 0°000000001 mm.* (see p. 476), I subjected the oxygen 
to the electric discharge for the last time. No visible effect was pro- 
duced (the barometer happened to be rising quickly when the experi- 
ment was made), but measurements showed that 0-2 per cent. of ozone 
had been formed, and a repetition of the experiment made on the follow- 
ing day gave a similar result. I tried the effect also of the discharge 
from Tesla’s apparatus, but without any decisively different result. 
Well dried oxygen, therefore, ozonises exceedingly badly. 


II. 


THe BEHAVIOUR OF CAREFULLY DRIED CHLORINE, BROMINE, AND IODINE 
WITH CAREFULLY DRIED MERCURY. 


In 1883, Cowper examined the action of several of the metals on 
dried chlorine, and found that several of them did not combine with the 
halogen, although mercury, tin, antimony, arsenic, and perhaps 
potassium did so readily. (Trans., 1883, 43, 153.) I myself, some 
time ago, made a number of similar experiments in conjunction with 
Mr. C. R. Beck, using well dried mercury, chlorine, and bromine, and 
in every experiment the mercury and the halogen combined readily. 
The ordinary methods of making chlorine are, however, so unsatisfac- 
tory, that I have always distrusted the results obtained in these early 
experiments, and I have made many attempts to discover a more satis- 
factory process for obtaining this gas. Some years ago, at the sugges- 
tion of Dr. Armstrong, and in connection with the work of a Committee 
appointed by the British Association to investigate the forming of haloids 
from pure materials, I tried to prepare chlorine by electrolysing fused 
silver chloride. But I failed, as others had failed before me, baffled by 
the “silver tree” which forms at the negative electrode. I have, 
however, frequently renewed my efforts, and about a year ago I suc- 
ceeded in overcoming the difficulty. As the new method may be found 
useful by others, I will describe it fully. 


Preparation of Chlorine from Silver Chloride. 


The apparatus employed, which is shown in Fig. 3 (p. 481), consists 
essentially of two sections. On the right of the tap T, is the generating 
apparatus, on the left is the receiving apparatus. Communication be- 


* That is, assuming that the oxide of phosphorus absorbed the water completely, 
which of course may not have been the case. When calculating the above number, I 
excluded the effect of the rapid pumping during the four days when the ozone 
generator was being heated, as I could not then allow full time for diffusion. Obviously 
some moisture was removed at this time, however, and this would tend to counter- 
balance imperfect action of the anhydride. 
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tween these two is prevented by the end of D, which is closed, but com- 
munication could be established on crushing this by rotating T. The 
bye-pass’ O established temporary communication during the building 
up of the apparatus, and enabled me to test the joints as they were 
made. This arrangement permitted me to guard the receiving apparatus 
from injury in the event of an accident to the generating apparatus 
at the beginning of an experiment, which was an object of import- 
ance, as the apparatus in question took a long while to prepare. The 
tubes marked B contained small bulbs partly filled with mercury ; 
these, and also A and C, will be referred to subsequently. 

In order that the process might be carried out rapidly, a large Fleuss 
pump and also two five-fall Sprengels were employed for exhausting 
the apparatus. These were protected from chlorine by large chambers 
M N, filled with solid potash. The tap Q, as may be seen, is of a novel 
type. Itcan be flooded with mercury toS S from R through an air trap, 
which is not shown ; it is a true safety tap, not only can no air enter 
from the outside, but none can leak from one side of the plug to the 
other. ‘When using a well-made tap of this description, I was able to 
generate chlorine on one side of it while pumping a vacuum on the 
other, and although the action of the chlorine on the mercury gave 
some trouble, it did not prevent the tap from acting. I have found 
taps of this kind invaluable, and I think they are likely to be generally 
useful. At V is a small mercury manometer, which can be put out of 
communication with the rest of the apparatus by a three-way tap, T?. 
At F is a set of sampling tubes. The chamber K, contained phosphoric 
anhydride. The chlorine generator, H, which was made of the most 
infusible Jena glass I could obtain, had a capacity of 140.c.c. I had 
great difficulty in obtaining suitable electrodes, but Messrs. Edison and 
Swan were kind enough to make me a number of carbon filaments such 
as are used for 250 c.p. incandescent lamps, which answered admirably ; 
each electrode consisted of three of these. The negative electrode 
was surrounded by a glass tube, with a small hole at X, the lower end of 
the tube slightly overlapping the carbon. H was almost filled with 
specially prepared chloride of silver before it was placed in position. 

The method of filling the apparatus with chlorine was as follows. 
It was first well exhausted, and all gases driven as far as possible from 
the glass and silver chloride by heating ; the chloride of silver was then 
fused, and the current from one or two storage cells passed through 
it, this current being gradually strengthened as we proceeded. When 
a little chlorine had accumulated, Q was opened, in order that the gas 
should pass into M and carry with it such impurities as it might contain 
(these were very sensible at first), then Q was again closed, M was 
re-exhausted, and more chlorine was generated and removed as before, 
these operations being repeated as often as was necessary. From time 
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to time, samples of the gas were removed in the tubes marked F, and 
exposed to the action of carefully prepared mercury free from air. 
When the chlorine was found to be completely absorbed by mercury, 
the thin glass at D was broken, and A, B, and C were filled with the gas, 
and sealed before the blow-pipe. 

The difficulty I have alluded to as being created by the formation 
of silver trees can be overcome, if the electrodes are constructed as 
described above, by simply reversing the current for an instant at short 
intervals ; a sudden evolution of chlorine is thus set up at Z, and this 
blows the trees into pieces which soon subside. It is necessary to pro- 
mote their subsidence, however, by occasionally stopping the current 
for a short time. Of course, after a while they fill up the lower part 
of the vessel as they are rather bulky, and if sufficiently pure lead could 
be obtained it would be an improvement to provide a bath of that 
metal at the bottom of H to receive the silver. 

Thirteen cubic centimetres of chlorine prepared in this way (a portion 
of that employed in the experiments described below) left no visible 
residue in the drawn-out tip of an absorption tube, F, when it was ex- 
posed to the action of mercury, nor could any residue be detected 
with the aid of a good lens. In order to detect any small bubbles that 
might have collected on the sides of the tube, it was kept for some 
weeks, and was subjected to frequent shaking and bumping, but no gas 
appeared in the tip of the tube. If it be admitted that, with the aid 
of a lens, the tenth of a cubic millimetre of residue could be detected, 
it would follow that not so much as one volume of the gas remained 
unabsorbed out of one hundred and thirty thousand volumes. 

The great advantage of preparing chlorine in this way lies in the fact 
that it is unlikely to contain hydrogen chloride, which, if accompanied 
by traces of oxygen, would be as objectionable for my purpose as water 
vapour, in fact, much more so. 


Mode of Preparing Iodine and Bromine and of introducing them into 
the Experimental Apparatus. 


The iodine used in these experiments was purified by the “Stas” 
process some years ago by Mr. J. T. Cundall and myself, and had been 
preserved in a vacuum in a small glass bulb. 

The bromine was prepared by heating it for many days with a large 
excess of potassium bromide, from which it was subsequently distilled, 
and was collected in glass bulbs, from which the air was expelled by 
boiling the bromine before they were sealed. 

The bulbs containing the bromine and iodine were placed in a chamber 
A, Fig. 4, which was connected with a set of tubes, BBB. Moisture, 
&c., were removed by pumping and heating as already described, the 
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contraction, C, was sealed, the 
bulb broken by rotating T, and 
the tubes thus charged with bro- 
mine, or iodine, were sealed 
before the blow-pipe. The iodine 
was, of course, driven from A 
by heat. 


Preparation and Drying of 
the Mercury. 


Three distinct preparations of 
mercury were used. 

1. Mercurous nitrate was made 
from mercury which had been 
frequently redistilled in a va- 
cuum, and nitric acid free from 


iron. From this, mercurous cblo- 6 
nnected 


ride was prepared, which, after to Sprengel 
being thoroughly washed, was J Pump © 
converted into mercuric chloride 

and repeatedly recrystallised. The mercuric chloride was then mixed 


with potassium carbonate and a little water, dried, and distilled. 

2. Mercurous nitrate, made as before from carefully prepared 
mercury, was decomposed by electrolysis, and the mercury obtained 
was well washed and dried. 

3. Mercury obtained by heating oxide of mercury was converted into 
nitrate, and then again into oxide by igniting the nitrate; this oxide 
was then slowly decomposed by igniting it. 

Each of these specimens was prepared for use in the following 
manner. After being distilled slowly in a vacuum, almost without 
ebullition, it was placed in a glass tube, Fig. 5, provided with a thin 
glass bulb C, and a chamber B, containing phosphoric anhydride. 


Fic. 5. 


This tube was well exhausted, then strongly heated for a day, pump- 
ing simultaneously ; during this period, the mercury was distilled at 
least twice, in order to thoroughly free it-from gases held in solution or 
on its surface. The glass bulb was also strongly heated by means of 
a furnace of platinum wire made hot by a current of electricity. The 
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tube was then sealed, removed from the air pump and placed aside for 
10 days. 

I observed during the foregoing operations that the mercury left no 
residue whatever when it was distilled, and that, however finely it 
might be divided, it ran into globules most readily. 

As I was satisfied that the mercury could not be properly dried by 
mere exposure to air previously dried by phosphoric anhydride, even 
if heated occasionally, it was further treated in the following manner. 
The glass of each tube was heated to near its melting point, and any 
moisture or gas that might have been given off was driven at once into 
the chamber, B, by boiling out the tube with a little of the mercury. 
This was done many times, and on each occasion the whole of the mercury 
was afterwards volatilised and a portion driven into the drying chamber. 
At the same time, C was heated and boiled out repeatedly with mercury. 
Finally, the remainder of the mercury was collected in C, about half of 
it was boiled away, and the rest was secured by melting off the bulb. 
These bulbs were then placed in strong glass tubes provided with 
chambers containing purified phosphoric anhydride, which were attached 
to the generating apparatus (see B, Figs. 3 and 4) and prepared for re- 
ceiving chlorine, bromine, or iodine, as the case might be, by thoroughly 
exhausting them, and repeatedly heating the glass and the phosphoric 
anhydride strongly, with long continued pumping. At this stage, the 
surfaces of the tubes and of the bulbs containing the mercury were 
from time to time actually coated with phosphoric anhydride which 
was afterwards driven back into the drying chamber. 


Method of drying the Chlorine, Bromine, and Iodine. 

The tubes B, Fig. 3, containing chlorine were sealed in April, 1896, 
those which contained bromine and iodine, B, Fig. 4, were sealed in the 
following July. In every case, the contents of the tubes were exposed 
to the drying agent until after Christmas Day, 1896. I did not, however, 
depend on the moisture reaching the drying agent by diffusion alone. 
During five or six weeks the drying chambers were alternately heated 
and cooled many times daily in order to promote the mingling of the con- 
tents of the two chambers, and during this period the iodine was re- 
peatedly volatilised. 

Finally, the drying chamber of each of the tubes containing chlorine 
or bromine was placed in a mixture of carbon dioxide and ether ; when 
the halogen had condensed within this chamber, the other parts of 
the tube, and also the sealed bulb containing the-mercury, were at once 
heated strongly, and before they had become cold again were rinsed 
out by allowing the chlorine or bromine to evaporate, and then again 
condensing it.* This rinsing process was repeated daily for a week. 


* This was possible because chlorine which has been exposed to phosphoric 
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The larger chamber was then again heated when vacuous, and rinsed 
with halogen as before. Five such series of operations were performed, 
so that the halogen was condensed on the drying material 30 times. 
A single operation such as I have described was probably more effective 
than 6 months of drying by diffusion would have been, for it must be 
remembered that, after each experiment, only the volatile halogen 
escaped from the drying chamber, moisture, if present, being left in it 
more or less in contact with the phosphoric anhydride, whilst its sub- 
sequent escape through the plug of glass wool at the contraction would 
be very slow in the presence of the large excess of chlorine or bromine. 

The tubes containing iodine received corresponding, but of course 
not quite identical, treatment. 

On December 30th, 1896, the contents of the tubes were again con- 
densed in the drying chambers, and the bulbs containing the mercury 
were broken. In every case, there was immediate and rapid action in 
the cold, both the chlorine and the bromine being soon completely 
absorbed. The action of the iodine naturally proceeded at a slower 
rate, but it became manifest instantly. 

One tube which contained iodine together with the mercury made by 
the first process was broken in liberating the quicksilver. Two others, 
both of which contained chlorine with mercury made from the oxide, 
did not escape without damage, for they showed minute cracks at their 
tips when the mercury struck them on escaping from the bulbs. But 
as these ends were sealed in advance by the mercury and as the cracks 
were too slight to admit air, except by diffusion, and showed no signs 
of leaking, whilst the interaction of the chlorine and mercury showed 
itself at once in all parts of the tubes, I believe that the observations 
made with these tubes may be trusted. 

The other nine tubes,* namely, three containing bromine, two con- 
taining iodine, and four containing chlorine, were undamaged. 


General Results and Conclusions. 


From the above results, it may be concluded that, practically 
speaking, the action between mercury and chlorine, bromine, or iodine 
does not depend on the presence of water vapour. 

It is more difficult to decide whether the presence of moisture is 
necessary for producing ozone from oxygen. The proportion of ozone 
obtained from the most highly dried oxygen was very small, and perfect 
drying might have reduced it, but a certain amount was produced, and 
it is by no means certain that the smallness of that amount may not 
anhydride attacks lead glass much less readily than before. I have even softened 
lead glass in contact with dried chlorine without diminishing its lustre, 


* Two samples of each preparation of mercury were exposed to chlorine ; only 
one to bromine and iodine, as the available supply of the latter substances was small. 
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have been due simply to the very remarkable instability of ozone in 
the absence of moisture. I hope to clear up this point on a subsequent 
occasion. . 

Finally, the remarkable fact that ozone changes into oxygen much 
more rapidly in the absence of water vapour than in its presence, seems 
to dispose of the idea that all chemical change may be impossible, 
except in the presence of water. 

It remains to be seen, however, whether this is true of any particular 
class or classes of change. 


III. 
BEHAVIOUR OF CHLORINE UNDER THE INFLUENCE OF THE SILENT 
DISCHARGE AND IN SUNLIGHT. 


I have long desired to examine the influence of the silent discharge 
of electricity on chlorine, as it seemed not at all unlikely that an 
allotropic form of this element might exist. But two difficulties stood 
in the way ; first, I had no means of obtaining chlorine sufficiently 
free from impurities ; secondly, no suitable liquid could be found for 
the manometer that must be employed, in order to observe the effect 
of the discharge. I have already explained how the former difficulty 
has been overcome, and I have lately learnt how to employ fused silver 
chloride in the manometer. 

The apparatus: shown in Fig. 6 having been 
filled with chlorine in the manner already de- 
scribed, the following experiment was made. 
The ozoniser, A, was placed in dilute acid at 0°, 
its inner tube was filled with acid at the same 
temperature, and the acid in A and that in the 
outer vessel were connected with the terminals 
of an induction coil. The manometer tube B, 
which had previously been charged with silver 
chloride, was then gradually heated by means of 
a small furnace closely resembling that shown 
in Fig. 2, and when the chloride was fused 
and the thermal conditions of the contents of 
the apparatus were in equilibrium, the narrow 
tube at C was sealed before the blow-pipe. At 
this moment, the manometer tube cracked at 
( J D, but, fortunately, the conditions of pressure 


Fia. 6. 


were such that a good thread of fused chloride 
remained in E, and sealed the chlorine from 
the outer air. 

I then submitted the gas to the action of the discharge for some 
time. At first, a very slight contraction occurred (the effect of the 
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discharge on an absolutely indifferent gas would result in a slight 
expansion, through rise of temperature), but this did not increase 
afterwards. 

It appears, therefore, that highly purified chlorine remains almost 
unaffected by the ozonising discharge. 


The Behaviour of Highly Purified Chlorine when Exposed to Sunlight. 


In 1871, it was stated by Budde (Phil. Mag., IV., 1871) that, when 
chlorine is exposed to sunlight, an expansion of the gas occurs which 
is independent of the direct heating effects due to the light. This 
statement has since been confirmed by Richardson (Phil. Mag., Sept., 
1891, p. 277), who, following a suggestion made by Budde, has applied 
this property of chlorine to the measurement of the actinic intensity of 
light.* As it is highly probable that the chlorine employed in the 
experiments of Budde and Richardson was not free from other sub- 
stances, I thought it would be interesting to ascertain, if possible, 
whether chlorine prepared as I have described would act in a similar 
manner. 

The apparatus I employed is shown in the accompanying figure. 
It is a copy of that constructed by Dr. Richardson, but modified, 
with his kind assistance, to suit the 
altered conditions. Two chambers, 
A A’, are respectively connected 
with the two ends of a narrow tube 
B B’, which contains a thread of 
silver chloride at C. The contents 
of A and A’ communicated at first 
through a bye-pass D, whilst E E 
served to connect this piece of ap- 
paratus to the pump and to the 
chlorine generator (see Fig. 3); 
when the apparatus was filled with 
chlorine, E E was sealed off at F. 
The apparatus was then plunged 
to the level, d d, into water con- 
tained in a tank. This was 
blackened internally, but one of its 
sides consisted of a sheet of glass 
which could be exposed or shaded VY 
at the will of the experimenter. ” | 
When all was ready, the tube, 

B B’, was heated by means of an electric furnace similar to that pre- 


Fic, 7. 
To Pump . 


*I should say that the other coloured gases are said to exhibit similar 
phenomena. 
LL 2 
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viously described to a temperature sufficiently high to fuse the silver 
chloride. The tip of G was then broken; the bye-pass was sealed 
before the blow-pipe at D; the tip of F was opened, and air was 
gently aspirated into A’ until the chlorine was replaced; G and F 
were then closed again, and the chlorine in A and the air in A’ 
were exposed to the direct rays of the sun. At the moment of 
the exposure, the chloride of silver was sufficiently hot to be very 
fluent, and was already moving at a very slow rate towards B’. Its 
rate of movement was a little accelerated under the influence of the 
sunlight, but not much. On shading A and A’, its rate of movement 
diminished, but its direction was not reversed. The effect of the sun- 
light was observed several times, and the results were similar. The 
movements observed by no means corresponded with those recorded 
by Richardson. 

The liquid index having presently reached B’, I opened G, attached 
an india-rubber tube, and endeavoured to force the index back to B. In 
doing this, the chloride was driven into the bulb provided at B, where it 
solidified on the sides, and a little air* entered A and mingled with 
the chlorine. The chloride of silver was fused with a spirit lamp, 
drawn back into B B’, the india-rubber tube on G was securely closed, 
and the contents of A and A’ were then again exposed to the sun. 
At each exposure, a much more marked movement towards B’ now took 
place. This was at once arrested by shading the chamber. The 
effect was now so decided that my assistant remarked, “ What a differ- 
ence that little air has made!’”’ Shading, however, had not even now 
the effect of reversing the movement of the index. The experiment 
was ultimately stopped, in consequence of the softening of the tube 
B.B’. These results seem to make it certain that the abnormal ex- 
pansion of chlorine in sunlight does not occur unless small quantities 
of other substances besides chlorine are present. 

Before concluding, I should like to add that the experiments with 
chlorine were commenced in conjunction with Mr. C. R. Beck, and 
that, until his departure from Bristol prevented us from continuing 
the work jointly, I had his assistance in preparing a good deal of the 
material-employed, and in making many preliminary studies, some of 
which have already been published. I wish also to express my thanks 
to my present assistant, Mr. W. T. Evans. Nothing could exceed the 
care and devotion he has shown in assisting me to perform many of 
the tedious mechanical operations required, or the skill he has exercised 
in preparing, under my supervision, the very complicated and delicate 
glass apparatus which it has been necessary to employ. 


CuiFron COLLEGE, 
January, 1897. " 
* Moist air. © 
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XLVIII.— Velocity of Urea Formation in Aqueous 
Alcohol. 


By James WALKER, Ph.D., D.Sc., and Sypnry A. Kay, B.Sc. 


In a previous paper (Walker and Hambly, Trans., 1895, 67, 746), it 
was shown that the transformation of ammonium cyanate into urea 
in aqueous solution obeys the formula of a bimolecular, and not that 
of a unimolecular, reaction ; and by the influence of various foreign 
substances in accelerating the reaction, the active molecules were 
proved to be ammonium ions and cyanic ions, so that the transfor- 
mation may be formulated thus: 
NH,‘ + CNO’ =CO(NH,),. 


It appeared to be of considerable interest, from the point of view of 
the electrolytic dissociation hypothesis, to investigate the action more 
closely than has hitherto been done, in order to determine exactly the 
parts played by the dissociated and by the undissociated cyanate 
respectively. In decinormal aqueous solution, which was the concen- 
tration usually employed, ammonium cyanate is dissociated to the 
extent of about 80 per cent. There consequently remains 20 per cent. 
undissociated, and we must assume that this amount passes first into 
the form of ions before its transformation into urea can take place. 
The process of urea formation from ammonium cyanate is therefore to 
a certain extent not a direct action, but an action taking place in two 
stages, namely 

NH,CNO -> NH, +CNO’ -> CO(NH,),. 


From our general experience of chemical actions in aqueous solution, 
and from the rate of change in the electric conductivity of solutions 
with varying conditions of dilution, &c., we know that the processes 
of dissociation and reassociation of ions are so rapid as to escape 
measurement by the ordinary methods at our disposal. The first 
stage of the complex reaction, then, is practically instantaneous, the 
second stage alone occupying the whole time required for the complete 
transformation, even though we suppose the two stages to proceed 
successively instead of simultaneously, as is actually the case. The 
rate that we measure is consequently, within the experimental error, 
the rate of the second stage, and the action appears to be a simple 
bimolecular reaction. A theoretical discussion of the speed of graded 
actions of this and of other types will be given in another place. The 
question to be answered at present is, how the speed of urea formation 
as actually observed depends on the degree of dissociation of the 
ammonium cyanate. 


490 WALKER AND KAY: VELOCITY OF 


Let the concentration of the ammonium cyanate originally present 
be A gram-molecules per litre, that of the urea originally present 
being B; and let # be the quantity of the urea produced after the 
action has gone on for ¢ minutes. The concentration of the cyanate 
is then A-«w. If at this concentration the degree of dissociation of 
ammonium cyanate is p, then we shall have (1-yp) (A-2) for the 
concentration of the undissociated cyanate and p (A-—«) for the 
concentration of each of the ions formed on dissociation. The rate of 
urea formation at the time ¢ will therefore be 


22 — IgA - 2)? ~K(B +2) 


where & and k' are the velocity constants of urea formation and 
decomposition respectively. At the end-point of the reaction, when 
the quantities of urea formed and decomposed in a given time are 
equal, we have 


kr(A — £)? =k (B+), 


w and é being the values of p and @ at that point. For the ratio of 
the velocity constants, we have therefore 
hi _w(A-é) _ ox 
k Bre 
or k' =2°Kk 


if we make K-Gi (compare Walker and. Appleyard, Trans., 


1896, 69, 195). Substituting this value for X’ in the first equation, we 
get 


ak {p%(A 2) aK (B+2)} 


If we integrate this finally on the supposition that p remains constant 
over the range included in the integration, and that «=0 when ¢=0, 
we have 
_ 115 - b-2x(a— ,/a*—6) 
pt J/a-b ~ b-a(a+ ,/a?-b) 
where a=}(2A+7°K), b= A?-r2KB, and r=-a/p. 

In reality, » does not remain constant, but varies slowly with x. If, 
however, the diminution in the concentration of the ammonium cyanate 
is not very great, the variation of p is so small as to permit of it 
being considered ni. 

It has been shown (Trans., 1895, 67, 753) that, for decinormal 
solutions, the reverse transformation of urea into cyanate may be 
neglected if for A we substitute E, the whole range between the 
beginning and the point where equilibrium is reached, that is, ¢ 
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when the transformation is not disturbed by secondary processes. 
The simplified expression for the reaction is then 


a = k,p(E—2)? 


On integration, we obtain 


The “constant,” %,, here introduced is not equal to the real constant 
k of the direct transformation, but is a function of k andk. The 
calculation, however, by which it is obtained is much simpler than the 
tedious evaluation of & from equation II, and it is not difficult to 
find a closely approximate relation between it and the real constant k. 
If the reaction proceeds between two given points, its rate may be 
expressed exactly by equation I, and approximately by equation ITI, 
We may therefore equate the right-hand members of I and III, and so 
obtain 
kip A.- 2) - 2°K(B+2)} = kp"(B -2) 
or k= — k,(E — a) 

Instead, then, of the laborious calculation of k for each observation, we 
may substitute the simple calculation of 4,, and convert the mean of 
the values of &, thus obtained into a corresponding mean value of k by 
making use of equation V. It is to be observed that this process is 
only approximate, and cannot be employed when E differs greatly 
from A. In such a case, K is large and &, does not remain constant. 
The expression for the ratio k/k, varies also with a, and in general it 
may be said that, if k/k, is found to be less than 0°9, it is advisable to 
calculate & directly from equation II. 

Owing to the variability of » with the concentration, the values of 
x introduced into either of the formule must be small. It is there- 
fore necessary to consider separately small portions of the total change, 
and compare the constants obtained from each of them, rather than 
to consider the action as a whole, and calculate all values from the 
initial state. The former method is a much more severe test of a 
constant than the latter, as will be seen in the sequel. 


Mode of Experiment. 


The proportions of ammonium cyanate and urea in the solution at 
any given time were formerly estimated by precipitating the cyanate 
as silver salt with a known quantity of silver nitrate, filtering, and 
estimating the excess of silver nitrate in the filtrate by titration. 
For our present purpose, it was necessary that we should obtain a more 
accurate, and also, if possible, a more convenient, method of ascertain- 
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ing the composition of the solution, since comparatively slight experi- 
mental errors are so magnified in the constant as often to preclude 
any satisfactory comparison. We found in the end that determinations 
of the electric conductivity of the solution, along with a few chemical 
estimations performed in the manner indicated above, provided all 
the requisite data for a fairly accurate calculation of the real constant 
k under varying conditions. 

Mixtures of alcohol and water were used as solvents as well as pure 
water, in order to alter the degree of dissociation of the cyanate and 
to determine the specific influence of the alcohol in accelerating or 
retarding the urea-formation. Aqueous solutions of ammonium 
cyanate were made in the manner described by Walker and Hambly 
(Trans., 1895, 67, 748), the concentration being so chosen that when 
mixed with the appropriate quantity of alcohol, the solution was of 
the proper strength both as regards alcohol and as regards the sum of 
the concentrations of urea and ammonium cyanate. Thus, in making 
a decinormal solution in 90 per cent. alcohol, we first prepared a 
normal solution of cyanate by shaking silver cyanate with a normal 
solution of ammonium chloride for a sufficient time, and filtering. 
During the agitation, a considerable portion of the cyanate formed was 
converted into urea on account of the high concentration of the 
solution ; for, as has already been shown, the more concentrated the 
solution is, the more rapidly does the cyanate undergo transformation. 
The solution was therefore not normal with respect to the ammonium 
cyanate, but only with respect to the sum of the concentrations of this 
salt and the urea formed from it. A measured volume of the solution 
was then mixed with nine times its own volume of absolute alcohol, 
heated to the temperature of experiment (32°0°), and diluted with 90 
per cent. alcohol until it occupied exactly ten times its original volume. 
In this way, we obtained a solution which contained 90 per cent. of 
alcohol by volume, and was decinormal with regard to ammonium 
cyanate plus urea. One portion of it was taken for the chemical ex- 
periments, the other portion being reserved for measurements of the 
electric conductivity. 

The electrical measurements were made with the apparatus used by 
Walker and Hambly (this vol., p. 61). The electrodes in the cell were 
placed farther apart than usual, on account of the resistances 
measured being comparatively small; and instead of the ordinary 
vulcanite cover, a tight-fitting cork, through which the electrodes 
passed, was used to close the cell so as to prevent evaporation and 
consequent change in the conductivity. All measurements were made 
at 32:0°. 

When the two portions of solution had assumed the temperature of 
the thermostat, 5 c.c. of the one were removed for a chemical estima- 
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tion, and simultaneously the conductivity of the other was determined, 
the time being accurately noted. The conductivity alone was then 
determined at short intervals, and after a time, simultaneous 
chemical and electrical readings were again taken. This process 
was repeated until five or six pairs of chemical and electrical values 
were obtained at very different stages of the reaction, many inter- 
mediate observations of the conductivity having been recorded. 
The conductivities were then plotted against the corresponding values 
of the concentrations of ammonium cyanate as given by the chemical 
readings, and a curve drawn through the points. This curve enabled 
us then to get the concentration of ammonium cyanate in the solution 
for any time at which its conductivity had been observed. As a 
measurement of the conductivity only occupies a few seconds when the 
solution is in the cell, and is, in addition, very accurate, we were thus 
in a position to follow the progress of the reaction much more easily 
and closely than when chemical experiments alone were made. To 
get rid of the individual errors of the chemical experiments, it was 
necessary to smoothe the curve for interpolation. Since the curve 
always approximated to a straight line, straight line values were 
calculated from the first and last experiments, and the deviations from 
the linear formula plotted against the conductivities. From the 
smoothed deviation curve it was then possible to interpolate with 
great accuracy (compare Ostwald, Physico-chemical Measurements, 
p. 242). This convenient method of following the course ofa reaction 
may be adopted in almost all cases where the chemical change is accom- 
panied by a change in the electric conductivity. 

The conductivity of the solution was not due to ammonium cyanate 
alone, nor did the precipitate with silver nitrate solution consist entirely 
of silver cyanate. It was found impossible to obtain the solution quite 
free from ammonium chloride, or from dissolved silver salt ; and, as a 
rule, a small quantity of the former was present. Its amount was in, 
each case determined, and the appropriate correction applied to the 
concentrations. This correction did not amount to 1 per cent. in 
the worst cases, and was usually much less, The conductivities were 
left uncorrected, for, in the first instance, only correct concentrations 
were required. 

It has already been shown (Trans., 1895, 67, 750) that the formation 
of urea from ammonium cyanate is accompanied by the formation, to 
a much smaller extent, of ammonium carbonate. The amount of 
carbonate produced on completion of the transformation was found to 
_ be as much as 4 per cent. at 69°, and somewhat less at lower tempera- 
tures, As this amount is sufficient to render the application of the 
exact formula utterly futile, means had to be sought for the elimination 
of this source of error. Special experiments showed that, after the 
transformation of the cyanate had proceeded half-way, no carbonate 
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could be detected in the solution on adding calcium nitrate. Instead, 
therefore, of following the course of the reaction in one solution, we 
prepared three different solutions, all of which were decinormal with 
respect to cyanate plus urea, but contained different proportions of these 
two substances. The first of these solutions was that prepared as 
above described ; the second contained equal portions of the original 
solution and a decinormal solution of urea ; the third was composed 
of one part of the cyanate solution and three parts of the urea solution. 
By thus dividing the whole transformation into three parts, we obviated 
the production of ammonium carbonate and were able to apply the 
exact formula for the simple action. The replacement of water by 
alcohol diminishes the amount of carbonate produced ; indeed, in solu- 
tions containing 70 and 90 per cent. of alcohol, the presence of carbonate 
could not be proved at all, even when the transformation was at an end. 

Experiments were made to find the equilibrium point for each solvent 
in order that the constant K, necessary in the calculation, might be 
determined. The effect of the replacement of water by alcohol is to 
diminish the amount of cyanate in the solution at the point of equili- 
brium ; whilst in decinormal aqueous solution, 3:2 per cent. of the 
cyanate remains untransformed at 32°, only 1 per cent. remains when 
90 per cent. alcohol is used assolvent. To ascertain the end-points as 
accurately as possible, solutions were made up containing the cyanate 
and urea in approximately the proportions expected on equilibrium. 
In this way, equilibrium was attained in a comparatively short time, 
and the formation of carbonate avoided. 


Data for Degree of Dissociation. 


It was impossible for us to estimate exactly the degree of dissocia- 
tion of ammonium cyanate at any particular dilution in a given mixture 
of alcohol and water, for in the first place a pure solution of ammonium 
cyanate could not be prepared, and in the second place could not be 
kept for a sufficient length of time without partial transformation into 
urea, In pure water, the last difficulty is not so serious as the first, as 
the transformation proceeds slowly at the ordinary temperature in dilute 
solutions ; in mixtures of alcohol and water, however, the rate is much 
increased, so that considerable uncertainty would be introduced owing 
to this cause alone. The most probable assumption to make, and the 
one least likely to lead to serious error, was that the effect of the sub- 
stitution of alcohol for water in the solvent would be the same for 
ammonium cyanate as it was found to be for diethylammonium chloride 
(Walker and Hambly, this vol., pp. 64—66), at least so far as the 
molecular conductivity at infinite dilution isconcerned. By taking the 
quotient of the molecular conductivity as determined from any pair of 
chemical and electrical experiments by the molecular conductivity at 
infinite dilution as given by the method above suggested, we should get 
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an approximate value of the degree of dissociation at the dilution found 
from the chemical experiment. No doubt the values thus obtained are 
liable to considerable error, but it is an error which affects all constants 
for the same solvent equally ; so that it is only in the comparison of the 
constants for different solvents with each other that uncertainty is 
encountered. 

It is known that the molecular conductivities of corresponding 
potassium and ammonium salts at infinite dilution in water are practi- 
cally identical. We therefore made a set of experiments on the 
conductivity of potassium cyanate which had been purified by recrys- 
tallisation from boiling 90 per cent. alcohol, and was proved to be 
free from sulphate, carbonate, and cyanide. This gave for aqueous 
solutions 152 as the probable value of »,, at 32°. The values for the 
mixtures of alcohol and water, as deduced by the method indicated 
above, were 


Per cent. alcohol by vol.... 10 30 49 72 90 
Mol. cond. at oo 78 62 55°5 55 


Aqueous Solutions. 


The quantity of ammonium cyanate remaining in the decinormal 
solution which had undergone complete transformation at 32° was 
found to be 0°0032 gram-molecules per litre. From this we obtain 


K=0-0001058. It is necessary in the case of aqueous solutions to calcu- 
late the constant k by means of equation II, as the simpler formula 
leads to doubtful results. Three solutions were examined, each having 
approximately half the cyanate concentration of the preceding one. 


I. 
A =0°0942 B=0-0058 
A-«x x kp? 
0°0747 0°0195 0°00435 
0°0604 0°0338 0:00435 
0°0549 0°0393 0:00437 
0°0445 0:0497 0°00430 


Mean 0:00434 
Ti. 
A=0°0471 B=0°0529 
A-z x kp? 

0:0414 0°0057 0°00473 
00367 00104 0°00462 
0°0342 0°0129 0-:00465 
0°0294 0°0177 0°00464 


Mean 0:00466 
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III. 
A = 00236, B=0:0764. 

A-z x kp? 
0:0205 0:0031 0:00490 
00181 0:0055 0:00475 
0:0161 0:0075 0:00482 
0°0145 0:0091 0:00482 


Mean 0°00482 


In these tables, ¢ is given in minutes and all concentrations in gram- 
molecules per litre. A —«x is the concentration of cyanate at the time 
t, as determined by the combined chemical and electrical methods. 
The values in the last column are 5 calculated values of the expres- 


a! og = wg ven) a! nf and are practically equal to the 
constants which would be obtained if electrolytic dissociation were 
entirely neglected. The following table shows more clearly the increase 
of this value with the dilution : 


A kp? 


sion 


k 


p 
0:0942 0°00434 0°852 0:00598 


0:0471 0°00466 0-880 0:00602 
0°0236 0:00482 0-909 0:00584 


Mean 0:00595 


This increase is accounted for on the theory of electrolytic disso- 
ciation by the increase in the relative number of ions, which are here 
the reacting substances, as the dilution increases. To get the real 
constant, the values must be divided by p?. The numbers for p in the 
third column are those which were observed directly in the case of 
potassium cyanate solutions, and must be very nearly equal to the 
numbers for ammonium cyanate solutions, on account of the general 
equality in the conductivity of corresponding potassium and ammonium 
salts already referred to. Even though the absolute values are not 
identical, the relative variation of p will certainly be the same in the 
two cases within the experimental error of the velocity determinations. 
Dividing by p*, we get the numbers in the fourth column, which repre- 
sent the real constant for the interaction of the ions. The deviation 
from the mean is now less than 2 per cent. and irregular, instead of 
more than 6 per cent. with a steady increase, as it was when the 
degree of dissociation was neglected. In view of the various sources 
of error, this constancy is fairly satisfactory, and it will be seen that, 
in the case of the alcoholic solutions, the agreement is still better. 

It is evident, from the constancy of k, that the presence of urea has 


UREA FORMATION IN AQUEOUS ALCOHOL. 497 


no influence on the speed of the transformation, except in so far as it 
takes part in the reversed action, As it was of some importance to 
establish this with certainty, we made a series of comparative observa- 
tions with N/20 cyanate solution, the solvent in the one case being 
water, and in the other a 3 per cent. solution of urea. According to 
equation II, the quantities of cyanate transformed in these solutions in 
two days should be equal within our experimental error, provided the 
urea has no other effect than that of reversing the transformation. 
This we found to be the case, so that we are justified in concluding that 
the replacement of a small proportion of the solvent water by urea has 
no appreciable effect on the rate at which the transformation proceeds. 


Solutions in 10 per cent. Alcohol. 


The equilibrium value of cyanate in this case is 00030, whence 
K=0:0000927. Three solutions were again prepared, and the con- 
stant calculated from equation II. 


I. 
A = 0:0936 B=0°0064 
A-z x kp? 
0:0821 00115 0:00553 
0:0735 00201 0:00546 
0:0505 00431 0°00551 


Mean 0°00550 
B=0:0532 


x kp? 
0°0123 0°00594 
0°0151 0:00605 
0°0203 0°00593 


Mean 0°00597 


ITT. 
A =0°02372 B=0:07628 
A-2z x kp? 
0:02000 0:00372 000620 
0-01900 0:00472 0°00630 


Mean 0:00625 
kp? p k 
0:00550 0°841 0:00777 
0°00597 0°881 0:00770 
0°00625 0-900 0:00772 


Mean 0:00774 
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Here once more we see that the value, kp’, in which the change of 
dissociation with dilution is neglected, gives steadily increasing values, 
whilst k, in which this change is involved, remains constant. The 
values of » were determined from the conductivities at the beginning 
of each series in the manner indicated on p. 494. 

In all the alcoholic solutions, the composition of the solvent is given 
by volume, and not by weight. 


Solutions in 30 per cent. Alcohol. 


When equilibrium is attained in decinormal solution, the concentration 
of the ammonium cyanate is only 0:0018 gram-molecule per litre, which 
corresponds to K=0-000033. The comparatively small difference 
betwern A and E enables us here to use the simple formula, with the 
correcting factor, for the two most concentrated solutions ; but equation 
II must be used to calculate the true constant of the most dilute 
solution. 


I. 
A =0:0920 E=0°0902 B=0-0080 


1 x 


195 0:0789 00771 00131 0:00966 
455 0°0672 0:0654 0:0248 0:00925 
1325 0°0437 0°0419 0°0483 0:00964 
1665 0°0387 0°0369 0:0533 0°00962 


Mean 0°00954 
Dividing this mean by 4,/k=1:040, we obtain 0°00918 for kp?. 


II. 
A=0:0461 E=0°0443 B=0°0539 


1 2% 
t A-2z E-z a tE* E-z 
190 0°0425 0:0407 0:0036 0:0105 
450 0:0386 0°0368 0:0075 00102 
1370 0°0288 0°:0270 0°0173 0°0106 
1695 0:0265 0:0247 0:0196 0°0106 


Mean 00105 
Dividing by k,/k= 1-09, we obtain kp? =0-00964. 
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ITI. 
A=0:0238 B=0:0762 
A-z x kp? 
0:0215 0°:0023 00102 
00180 0°0058 00100 
00146 00092 0:0099 


Mean 0:01003 

kp? p k 
0:0920 0:00918 0°836 0:0131 
00425 000964 0°870 0:0127 
0:0215 001003 0°883 00129 


Mean 0°0129 


The general features exhibited by the solutions in 30 per cent. 
alcohol are the same as before, namely, increase of kp* with the dilu- 
tion, and practical constancy of k. 


Solutions in 49 per cent. Alcohol. 


On equilibrium being reached, there remained 0°0016 ammonium 
cyanate untransformed in a decinormal solution. This low value 
enables us to use the simple formula with correction-factor throughout. 


} 
A=0-0878 E=0-0862 B=0-0122 
1 x 
t A-2 E-z x Ei’ E-z 

41 0:0823 0:0817 0°0055 0°0193 
121 0:0730 0°0714 0°0148 00197 
180 0°0683 0°:0667 0°0195 0:0188 
283 0°0605 0°0589 0°0273 0°0190 
337 00572 0:0566 0°0306 0:0189 
508 00488 0°0472 0°0390 0°0189 
606 0:0450 0:0434 0:0428 0°0189 


Mean 0°0191 
Dividing the mean value by 1:04, we get kp? =0-0184. 


II. 
A=0°0477 E=0°0461 B=0-0523 
1 2% 

t A-z E-z x Et’ E-z 
215 0:0397 00381 0:0080 0°0212 
385 0°0357 0°0341 0:0120 0:0198 
605 0°0312 0:0296 0:0165 0°:0200 


Mean 0:0203 
The correction factor is in this case 1:07, so that we obtain kp? =0-0190. 
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III. 
A=0°0244 E=0:0228 B=0°0756 
1 2x 
t A-«z E-a © x Et’ E-z 
210 00221 0:0205 0:0023 0:0234 
595 0:0190 0°0174 0:0054 0:0229 


Mean 0:0231 


The value of kp? obtained from this mean is 0°0201, the correcting 
factor being 1°15. 
The last two series are unfortunately very short, owing to the 
failure of the thermoregulator during the night. 
A kp* p k 
00823 00184 0°795 00291 
00397 00190 0°802 00296 
0:0221 00201 0-822 00297 


Mean 0:0295 


Solutions in 72 per cent. Alcohol. 


The effect of the alcohol in diminishing the degree of dissociation 
becomes very marked only when the solution contains more than 50 
per cent. of alcohol (compare this vol., p. 68). We might therefore 


expect to see this influence exhibited in 72 per cent. alcohol even with 
the simple constant calculated in the ordinary way from the beginning 
of the action. In water this is not so, for the constant calculated in 
this manner exhibits no tendency to increase, as may be seen in pre- 
vious papers on urea formation. 

As no carbonate was formed in 72 per cent. alcohol, we made all the 
experiments with a single solution, the results for which are given 
below. At the end of the transformation, the strength of the cyanate 
remaining is 0:0014 gram-molecule per litre. 

A =0:08480 E=0-08340 B=0-01660 
1 x 
A-x E-z x TE  E-z 

0:08014 007874 0:00466 0:0444 
007181 0:07041 001299 0:0442 
0:06585 006445 0°01895 00441 
0:06070 0:05930 0:02410 00443 
0:05602 005462 0:02858 0:0446 
0°05112 0:04972 0:03368 00449 
0:04600 0:04460 0:03880 0:0453 
0:04268 0:04078 004212 00462 
003706 003566 0°04774 00462 
0°03245 003105 0:05235 00473 
002768 0:02628 0:05712 00484 
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The increase of the expression x = “. as the dilution and disso- 
-2 
ciation increase is unmistakable, and cannot be attributed to an error in 
the determination of the end-point; for even though the reversed 
action is assumed to be altogether absent, there is stilla rise, though a 
smaller one, in the values of the last column. 

In order to compare the results with those obtained for the other 
solutions, four different stages of the transformation were taken as 
starting points, and the times and changes in concentration reckoned 
from them. The first set is identical with the first four values of 

, F 1 ‘ 
the preceding table, and gives," a =(0'0442 as a mean, from 
which we obtain kp? = 0:0428 by division with the correcting factor 
1-034. 
II. 


A =0:06070 E=0:05930 B=0:'03930 
Se 
t A-x E-z x iE OE-@ 
31 0:05602 0°05462 0:00468 0:0466 
71 0°05112 0:04972 0:00958 0°0458 
120 0:04600 0:04460 0:01470 0:0463 


Mean 0°0462 
This, on division by k,/& = 1-048, gives kp? = 0°0441. 


III. 
A =0°05112 E=0-04972 B=0°04888 


Pe 
t A-z E-«2 x TE E-z 


49 0:04600 0:04460 0°00512 0:0469 
87 0°04268 0:04078 0:00844 0:0478 
167 0:03706 0°03566 0:01406 0°0475 


Mean 0°0474 


The correcting factor 1°057 gives kp? = 0°0449. 
IV. 


A = 0°03706 E=0°03566 B=0:06294 
1 x 


t A-x E-«z x iE 4 4E-z 
79 0:03245 0:03105 0°00461 0°0528 
190 0:02768 0:02628 0:00938 0°0527 


Mean 0:°0528 


The correcting factor is here 1:080 and gives kp? = 0°0489. 
VOL. LXXI. MM 
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A p k 
0°08014 ‘ 0-660 0098 
0:06070 : 0°689 0:093 
0°05112 ' 0°705 0-091 
0°03706 , 0°733 0-091 


Mean 0:°093 


Solutions in 90 per cent. Alcohol. 


The change in the dissociation during the progress of the reaction is 
here at its greatest, and this series, therefore, offers the best test of the 
applicability of the dissociation theory to the question in hand. The 
conditions for the action also are unusually favourable. No carbonate 
is formed, and only 1 per cent. of the total quantity of material remains 
as untransformed cyanate when equilibrium is established. The series 
has been split up into five portions, for the purpose of comparing the 
constants at different dilutions. 


I. 


A =0:08080 E=0:07980 B=0:01920 
1 x 
A-z E-z x iE E-x 


t 
155 0:06948 0:06848 0°01132 0°134 
30 0°06135 006025 0:01945 0°134 


Mean 0°134 


k,/k = 1025, whence kp? = 0°131. 
IL. 


A =0:'05398 E=0:05298 B=0:04602 
1 F 
t A-2z E-2 x iE’ E-z 
15 0:04841 0:04741 0:00557 0°148 
30 0°04367 0:04267 0°01031 0°152 


Mean 0°150 
k,/k = 1°038, whence kp? = 0°145. 


III. 


A =0°03659 E=0:°03559 B=0:°06341 
1 x 
t A-z E-z x iE E-x 
15 0:03340 _ 0:03240 0:00319 0°184 
31 0:03057 0:02957 0:00602 0-184 
Mean 0.184 
k,/k = 1:057, whence kp? = 0°174. 
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IV. 
A =0°03057 E=0°02947 B=0:06943 


1 x 

A-z E-z x iE’ E-z 
0:02761 0:02661 0:00296 0°184 
0:02491 0:02391 0:00566 0°190 


Mean 0°'187 
k,/k = 1070, whence kp? = 0:175. 


Ve 
A =0°02491 E=0-02391 B=0°07509 


1 x 

t A-«x E-z x iE E-z 
28 0:02205 0:02105 0:00286 0°203 
66 0:01905 0°01805 0:00586 0°206 


Mean 0:204 
k,/k = 1085, whence kp? = 0:188. 
The following table gives a comparison of the values at the different 
dilutions : 


A kp*. k 


. p. ’ 
0:08080 0°131 0°472 0:588 
0:05398 0°145 0-512 0°554 
0:03659 0°174 0°545 0°586 
0:03057 0°175 0°551 0°576 
0:02491 0188 0°572 0°576 


Mean 0°575 


In the second column, where the values of the constants are uncor- 
rected for the change in the degree of dissociation, there is a steady 
rise, the difference between the strongest and weakest solutions being 
43 per cent. of the value of the former. In the last column, where the 
change in the dissociation is allowed for, the values oscillate about the 
mean, and the difference between the highest and lowest concentrations 
is now only 2 per cent. 

In view of the considerable experimental difficulties encountered, 
and the fact that the mode of calculation emphasises the errors of 
individual experiments, the agreement between the actual values and 
those required by the theory must be accounted satisfactory. 


Influence of Ethylic Alcohol on the Rate of Urea Formation. 


Alcohol might be expected to exert two entirely different kinds of 
influence on the rate of urea formation. As it replaces the water in 
M M 2 
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the solvent, it diminishes, on the one hand, the number of active mole- 
cules, namely, ammonium ions and cyanic ions, whilst, on the other, 
it should have an effect on the actual rate at which these molecules 
interact, by changing the nature of the medium in which the action 
takes place. 

The first mode of action has been discussed at length in the paper by 
Walker and Hambly already referred to (this vol., p. 61). 

The second mode of action may be seen in the comparison of the 
constants & for the various solvents. 


Percentage of Alcohol 
by volume k kp? 


0 0°00595 0:00434 
10 0:00774 0°00550 
30 0°0129 0°00918 
49 0:0295 0:0184 
72 0:093 0°0428 
90 0575 0°131 


The value of & for 90 per cent. alcohol is nearly 100 times.as great 
as the value for pure water. The alcohol then exerts an enormous 
accelerating influence on the action between the ions, and this influence 
entirely outweighs the retardation which the alcohol effects by di- 
minishing the number of active molecules. The values of kp? in the 
last column give approximately the total effect of the alcohol on the 
rate of urea formation in the strongest solutionsexamined. Here the 
value for 90 per cent. alcohol is only 30 times the value for pure water, 
a number corresponding with the increase actually observed. The 
real constant, k, for the action between the ions gives the number of 
gram-molecules per litre which would be transformed in one minute, 
if the ammonium cyanate solution contained 1 gram-molecule per litre, 
and were maintained at this concentration, the cyanate being sup- 
posed to be fully dissociated. 

The effect of successive replacement of water by alcohol is best seen 
in the curves of the accompanying diagram, Fig. 1. 

It is evident that the effect on the constant k is at first comparatively 
slight, increasing very rapidly only when most of the water is already 
replaced by alcohol. ‘The effect of the substitution of alcohol for water 
on the degree of dissociation of a salt in decinormal solution is similar 
(this vol., 68). The first additions of alcohol reduce the dissociation 
but slightly ; in strongly acoholic solutions, the reduction produced by a 
further addition is very marked. We have, then, both the acceleration 
and the retardation of urea production effected by the alcohol, increas- 
ing more and more swiftly as the water is successively replaced. These- 
effects, however, counterbalance each other, so that the total effect pro- 
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duced by the alcohol does not vary so rapidly as the solution becomes 
more and more alcoholic as does either of the effects separately. This 


may be seen from the curve for the values of kp’. 


Fre. 1. 
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Influence of other Substances on Urea Formation. 


The experimental results prove beyond doubt that the influence 
of alcohol as changing the medium in which the ammonium and cyanic 
ions act is highly favourable to the progress of the reaction. From pre- 
viously existing data, no conclusion either in this sense or the reverse 
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could be drawn. Menschutkin (Zeit. physik. Chem., 1890, 6, 41) has 
shown that the nature of the medium in which a chemical action takes 
place has a great effect on the speed of the action. The process which 
he investigated was the combination of triethylamine with ethylic 
iodide to produce tetrethylammonium iodide. This process is bimole- 
cular, like that which we have studied, and its course is regulated by 
the simple bimolecular formula. Menschutkin found that solvents of 
different chemical nature had widely different effects on the rate at 
which the combination took place, and even that solvents so closely 
related as the hydrocarbons benzene and hexane gave constants bearing 
to each other the ratio of 30to 1. Of the solvents investigated, acetone 
was one of those most favourable to the reaction. Carrara, on the other 
hand (Gazz., 1894, 24, 1), found that in the precisely analogous forma- 
tion of triethylsulphonium iodide from diethylsulphine and ethylic 
iodide, acetone was the solvent in which the action proceeded most 
slowly. It is obvious that, from such results, no certain indication can 
be obtained as to the influence of any particular solvent in promoting 
or retarding a given action. 

Ostwald (J. yx. Chem., 1883, [2], 28, 463) ascertained that the rate 
of catalysis of ethylic acetate by nitric acid is very slightly increased 
as the water of the solvent is replaced by acetone. Methylic alcohol, 
on the other hand, accelerates the action considerably, the effect being 
of the same order as that which we have found for the influence of 
ethylic alcohol on the formation of urea. 

A few experiments on the rate of formation of unsymmetrical diethy]- 
urea from diethylammonium cyanate showed that this action also is 
accelerated by the substitution of ethylic alcohol for water. In decinor- 
mal aqueous solution, the amount of cyanate remaining untransformed 
is about one-third of the total quantity ; in 90 per cent. alcohol, almost 
the whole is converted into urea. 

Other neutral substances containing hydroxyl exert the same 
accelerating influence on urea formation as ethylic alcohol. To com- 
pare their effects, decinormal solutions of ammonium cyanate were 
prepared, the solvent in each case containing 10 per cent. by volume 
of the foreign substance. The degree of dissociation of the cyanate was 
assumed to be the same in all the solutions (compare Arrhenius, Zeit. 
physikal. Chem., 1892, 9, 487). In the following table are exhibited 
the constants thus obtained, the value for pure water being k = 000595 : 


Percentage 
Additional substance. increase, 


k 
Glycerol 0:00763 28:2 
Ethylic alcohol 0:00777 30°6 
0:00810 36:1 
0:00819 37°7 
Methylic alcohol 000871 46°4 
Acetone 0:00882 48°2 


a 


=n “J 


A i | 


UREA FORMATION IN AQUEOUS ALCOHOL. 507 


In every case, there is an acceleration of the action, as may be seen 
in the last column, which gives the percentage increase on the value 
obtained for the aqueous solution. Acetone, which contains no 
hydroxyl group in the ordinary formulation, exercises the greatest 
accelerating influence of any of the substances investigated. If the 
accelerations effected by equal weights are compared, the order of 
influence is the same as above, though the numbers are wider apart. 

As has already been stated, urea neither accelerates nor retards the 
transformation in so far as it acts by changing the nature of the 
medium. Potassium sulphate and ammonia apparently exercise a slight 
retarding influence (Trans., 1895, 67, 759 and 764), although it may be 
rather by affecting the degree of dissociation and the end-point than 
by the change in the solvent. In any case, their influence is slight, 
and scarcely comparable with the marked acceleration exerted by 
substances of alcoholic and ketonic nature. To what this acceleration 
may be due, we have at present no means of ascertaining. 


Heat of Transformation. 


By employing the electrical method of measurement, we found it 
possible to obtain an approximate value for the heat of transformation 
of aqueous ammonium cyanate into urea, A decinormal solution was 
prepared containing 95°23 per cent. of the total substance as urea and 
4-77 per cent. as ammonium cyanate. After remaining 30 days in the 
thermostat at 32°, the solution contained only 3-20 per cent. as cyanate. 
A similar solution heated for 2 hours at 100° contained 6°50 per cent. 
as cyanate. To determine if this difference in behaviour at the different 
temperatures were real, we transferred the solution which had been 
heated at 100° to the thermostat at 32°; its conductivity fell off 
from day to day until, after a month, it was below its original value. 
On heating at 100° once more, the solution showed a conductivity even 
higher than formerly, but this was probably due to the formation of 
a trace of carbonate. 

Taking the values of 3°20 per cent. cyanate at 32°, and 6°50 per 
cent. at 100°, we can calculate the heat of transformation by means of 
van’t Hoff’s formula 


4 
2°3 (log,)K, — log;)K,) = Ga - 7) 


T, and T, are the absolute temperatures corresponding to those given 
above ; g is the heat of transformation of 1 gram-molecule ; K, and K, 
have the same significance as in the equations of the first section, the 
values being those for T, and T, respectively. On performing the cal- 
culation, we find that the transformation of 1 gram-molecule of cyanate 
(in the forms of ions) into urea is accompanied by a heat evolution of 
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4850 cal. This result can only be taken as a rough approximation, 
but it at least serves to give the order of magnitude of the thermal 
effect. In the calculation, the dissociation has been supposed to be 
complete, which is not far from the truth, as the cyanate solution at 
equilibrium is 0°0032 and 0-0065 normal at the two temperatures. 


Summary. 


A convenient and accurate electrical method is described for follow- 
ing the course of the transformation of ammonium cyanate into urea, 
This method may be adopted in most cases where a chemical change is 
accompanied by a change in the electric conductivity. 

Ethylic alcohol exerts a marked accelerating action on the rate of 
urea formation from ammonium cyanate. With 90 per cent. alcohol as 
solvent, the rate is about 30 times the rate in pure’water under similar 
conditions. The alcohol acts in two ways, which are opposed to each 
other : (1), it diminishes the degree of dissociation of the cyanate, and 
therefore the rate of urea formation ; (2), it increases the rate at which 
the ions produced by the dissociation interact. The second mode of 
action much more than counterbalances the first, so that there is, on 
the whole, an accelerative effect. 

The requirements of the law of mass action are strictly fulfilled for 
the transformation in water, or mixtures of water and alcohol, if the 
reverse transformation of urea into cyanate, and the degree of disso- 
ciation of the cyanate at the various stages of the process, are taken 
into consideration. | 

Methylic alcohol, acetone, glycol, glycerol, and cane-sugar were all 
found to excite a similar accelerating effect, when part of the water 
used as solvent was replaced by them. 

From the displacement of the point of equilibrium by change of 
temperature, it appears that the transformation of ammonium cyanate 
(in the form of ions) into urea is accompanied by a heat-evolution of 
about 5000 cal. per gram-molecule. 


UNIVERSITY COLLEGE, 
DUNDEE. 


XLIX.—Action of Diastase on Starch. Third Notice. 


By Artuur R. Line and Juan L. Baker, 


INTRODUCTORY. 


Tne present investigation forms a continuation of the work described 
in two previous papers (Trans., 1895, 67, 702 and 739). We have 
submitted to a careful examination all those products of the limited 
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attion of diastase on starch at 70° which are soluble in alcohol, and 
have incidentally ascertained several other facts connected with the 
subject. Before describing our results, however, it will be necessary 
to briefly refer to some points in the literature bearing on the work. 

The well-known experiments of C. O’Sullivan, and also those made 
by Horace T. Brown in conjunction with Heron and Morris, have indi- 
cated that a relation exists between the optical rotatory and the cupric- 
reducing powers of the products of the action of diastase on starch, 
and that this relation is such that the substances have optical rota- 
tory and cupric-reducing powers corresponding with mixtures of 
maltose and a non-reducing dextrin. Moreover, evidence has been 
adduced by Rolfe and Defren (J. Amer. Chem. Soc., 1896, 18, 869), 
which goes to show that a similar relation holds in the case of the 
products obtained by the action of acids on starch, which, however, 
contain three constituents, namely, glucose, maltose, and dextrin, 
all of which must be taken into account. This relation has been 
denied by several continental workers on the subject, but quite 
recently Brown, Morris, and Millar (this vol., p. 115) have brought 
forward fresh evidence in its support. These authors have shown 
(loc. cit., 105) that the table most generally used on the continent for 
the calculation of the percentage of maltose from the amount of copper 
which the sugar reduces under definite conditions gives values which 
are low to the extent of about 5 per cent. We had independently 
arrived at a similar conclusion, having found that Wein’s table gives 
95°5 per cent. of anhydrous maltose instead of 100 per cent.* The 
optical rotatory and cupric-reducing powers of most of our substances 
agree approximately with the rule above mentioned. 

In the year 1885, Brown and Morris (Trans., 1885, 47, 465) des- 
cribed a product of the limited action of diastase on starch under the 
name of “maltodextrin,” to which they assigned the formula 

C197 920)31(C12H 29930) 2- 
They found it to‘have a specific rotatory and cupric-reducing power 
Of [a]jssg=193°6° and x;s,=20°7 respectively, corresponding with 
[a ]isss=174-2°, and R (per cent. of maltose)=33-9. Subsequently 
(Trans., 1889, 55, 465), they showed that the molecular weight of 
maltodextrin, as determined by the cryoscopic method, was in harmony 
with their formula, Some years later, Lintner and Diill (Zeit. ges. Brauw., 
1894, 1'7, 339) described a compound, “‘achroodextrin II,” which had the 


* When the reducing powers of the substances described in our first paper (Zoc. cit. ) 
are corrected according to this observation, their properties conform fairly well to the 
rule of definite relation of optical rotatory power and cupric-reducing power. It is 
specially noteworthy that our preparation of ‘‘ isomaltose ” (Joc. cit.), after treatment 
with diastase, had a reducing power which, when corrected, gives approximately 
R = 100, indicating that its conversion into maltose is complete. 
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same molecular weightas “maltodextrin”; the optical rotatory andcupric- 
reducing powers differed, however, from those of maltodextrin, and 
they were disposed, therefore, to regard the latter compound as impure. 
In our previous work (/oc. cit.), we obtained evidence of the existence 
of a substance having approximately the properties of “ maltodextrin,” 
but we failed to recognise one having the properties of ‘“ achroo- 
dextrin IT.” 

Quite recently, Prior (Bayerisches Brauer. J., 1896, 6, 157) claims 
to have isolated a substance analogous to “achroodextrin II,” which 
he proposes to call “ achroodextrin III,” and later (ibid., 1896, 6, 
385), he asserts that the molecular weig.it of this substance agrees 
with that required by the formula (C,,il,,0,)).+H,O; its optical 
rotatory and cupric-reducing powers are said to be [a]p=171'1° and 
R= 42°5. 

We have isolated two substances, in what we consider to be a pure 
condition, that is to say, free from extraneous matters; these agree 
approximately in their properties with Brown and Morris’s “ malto- 
dextrin ” and with Prior’s “ achroodextrin III” respectively. The two 
substances, as we shall show, obviously belong to the same class of 
compounds, and we therefore propose to speak of them provisionally 
as maltodextrin-a. and maltodextrin-B respectively. We have analysed 
both substances and are able to assign the following formule to them. 


Maltodextrin-a, Cy,H5.03,. Maltodextrin-B, C.,H4,0,,. 


Assuming that the substance which we call maltodextrin-a is identical 
with the maltodextrin described by Brown and Morris, we are unable to 
confirm the statement of these chemists that it is rapidly and com- 
pletely converted into maltose when digested with diastase at 50—60°. 
Undoubtedly, the conversion is complete when sufficient time is 
allowed to elapse, but when the action takes place at 50—60° for 
2 hours, or at the ordinary temperature for 48 hours, the reducing 
power of the product falls short of that of maltose by about 10 per 
cent. When maltodextrin-@ is similarly treated, the cupric-reducing 
power of the product is R=91°5. Brown and Morris state that 
the tendency of starch transformations, when subsequently acted on 
by malt-extract at 50—60°, is rapidly to attain a state of equilibrium 
corresponding apparently to the production of 81 per cent. of maltose. 
This we have also observed, but we do not feel disposed to accept the 
view that a stable dextrin is present as one of the constituents of such 
transformations, until its existence is supported by some other evidence. 

Our remaining experiments are concerned with the so-called “ iso- 
maltose” of Lintner and Diill. One of the main facts established by 
our previous work (oc. cit.) was that their product is not a specific 
compound. We were, in fact, led to regard it as consisting largely 
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of maltose together with what we styled a simple dextrin of the 
formula C,,H,,0,,+H,O. Brown and Morris, in a paper on the 
same subject, likewise arrived at the conclusion that Lintner’s iso- 
maltose is a mixture of maltose and another substance or substances 
the nature of which is not absolutely defined. Closely following 
these papers, others appeared by Ost (Chem. Zeit., 1895, 19, 150), 
Ulrich (ibid., 1895, 19, 1523), and Jalowetz (ibid., 1895, 19, 2003). 
We shall do no more than mention these communications, as the net 
result deducible from them, in so far as “ isomaltose” is concerned, 
is the same as that to be derived from our own work and that of 
Brown and Morris. We would, however, in passing, draw attention 
to the fact which is brought out by the recent work of E. Fischer (Ber., 
1896, 28, 3024) and of Ost (Chem. Zeit., 1896, 20, 761), namely, that 
the substance termed “isomaltose”’ by E. Fischer and obtained by him 
by the action of concentrated acids on glucose, is distinct from the so- 
called “ isomaltose’’ obtained by Lintner by the action of diastase on 
starch. 

Our former statement, that Lintner’s isomaltose remains unaltered 
in properties when treated with brewery yeast, is only true when fer- 
mentation is allowed to proceed for a short time. Brown and Morris 
have shown that when “ isomaltose”’ is fermented with brewery yeast 
until fermentation is at an end, an unfermentable portion remains 
having the properties [a ]js.sg= 173°5°, and xs.s,= 38, corresponding with 
[a |psas= 156°1° and R=62°3. This substance, according to the authors, 
did not yield an osazone ; but they did not further investigate it. We 
have fermented several specimens of “isomaltose,” and have isolated 
the unfermentable residues. After purification, they gave values for 
the optical rotatory and cupric-reducing powers agreeing approximately 
with the values obtained by Brown and Morris with their product. 
The point of greatest interest, however, attaching to our preparations 
is that they were in each case found to have a molecular weight 
corresponding with the formula C,,H,,.0,,. This fact accords, there- 
fore, with our view as to the nature of the constituent of “isomaltose” 
other than maltose (Joc. cit., 1895, 707). 

We are able to confirm Prior’s statement (Joc. cit.) that a mixture of 
maltodextrin-B with maltose yields an osazone. indistinguishable from 
Lintner’s so-called “ isomaltosazone” ; this would, therefore, seem to 
indicate that “ isomaltose” is a mixture of maltose and maltodextrin-B, 
and this is undoubtedly true to some extent. Some products which 
might justly be regarded as Lintner’s “isomaltose,” namely, those of 
rotatory power as high as [a ]p393;= 146° have furnished evidence of 
the presence of maltodextrin-8. The substances which we worked 
with in the above-mentioned fermentation experiments had, however, 
rotatory powers of about [a ],;0;= 140°, and these appear not to have 
contained maltodextrin-f. | 
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We have no precise knowledge of the dextrins of higher molecular 
weight which are insoluble in alcohol, and there are at present no 
satisfactory means of elucidating their nature ; still it seems to be 
pretty generally agreed that they are cupric-reducing substances, and 
as such we consider that they would be better named “ maltodextrins.” 


EXPERIMENTAL. 


Production of Glucose from Starch by the Action of Malt-extract.— 
In our previous papers (Joc. cit.), we stated that glucose appeared to be 
produced by the action of diastase from kiln-dried malt on starch 
paste. We have row to correct this statement, as, although we have 
observed the formation of glucose when acting on starch paste with 
certain kiln-dried malts, we are now certain that its production is in no 
way connected with the kilning process, numerous experiments we 
have made leading us to believe that glucose cannot be produced by 
the action of the diastase from normal malt on starch. This fact had, 
indeed, been established by C. O’Sullivan (Trans., 1876, ii, 127), and by 
Brown and Heron (Trans., 1879, 35, 648). Kréber, however (Zett. ges. 
Brauw., 1895, 18, 324 and 334), is of opinion that a glucase, that is, an 
enzyme capable of producing glucose, exists in normal malt. We areat 
present investigating the matter, and hope soon to be in a position to 
explain the production of glucose by the malts which we previously dealt 
with. 

Determination of the Cupric-reducing Power of Maltose by Wein’s 
Method.—The method adopted for this determination is substantially 
that of Wein (Quantitative Bestimmung der Zuckerarten, Stuttgart, 
1888). The Fehling’s solution used by us contained 50 grams of 
sodium hydroxide per litre. Our modus operandi was as follows. 

Into a lipped beaker 9°5 cm. in height and 9 cm. in diameter, are 
measured 50 c.c. of Fehling’s solution ; 25 c.c. of an approximately 1 
per cent. solution of maltose, containing an exactly known amount of 
maltose, are run into the Fehling’s solution ; the beaker is covered 
with a clock glass, and the contents heated over a Fletcher’s gas burner 
covered with fine wire gauze, on which rests a ring of asbestos cloth. 
The liquid is raised to the boiling point, which operation should occupy 
3—4 minutes, and is maintained in ebullition for 4 minutes, after which 
the precipitated cuprous oxide is collected in a Soxhlet’s tube packed 
with asbestos which has previously been repeatedly extracted, first with 
concentrated nitric acid and then with caustic alkali. The cuprous 
oxide is finally reduced in a current of hydrogen in the well-known 
way and weighed as metallic copper. 

The amount of maltose used was determined in two ways. First, 
pure maltose, which had been dried in a vacuum over concentrated 
sulphuric acid for at least a week, and during that time had been fre- 
quently removed and ground up in a mortar, was weighed out exactly 
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in a quantity approximating to 0°25 gram of anhydrous maltose. This 
was dissolved in a little water, and the solution rinsed into the Fehling’s 
solution with the complement of 25 c.c. of water. Second, pure mal- 
tose—not necessarily dry—was dissolved in water, so that an approxi- 
mately 10 per cent. solution was formed; the latter was heated to 
expel any alcohol which might adhere, and its specific gravity accur- 
ately determined. From the latter, the concentration of the solution 
in terms of anhydrous maltose was calculated by the aid of the formula 

— a ke = in which C denotes the number of grams per 
100 c.c. of solution. The “divisor” 0°3924 is that recently determined 
by Brown, Morris, and Millar, and we are indebted to these authors 
for giving us this information in advance. A quantity of the approxi- 
mately 10 per cent. solution of maltose containing about 0°25 gram 
of anhydrous maltose was accurately weighed out and the weight con- 
verted into the corresponding volume by dividing by the specific 
gravity ; from the data just given, the amount of anhydrous maltose 
could then be calculated. This quantity of maltose solution was then 
rinsed into the Fehling’s solution with the complement of 25 c.c. 
of water. The results obtained by both methods were practically 
identical. 

Asa mean of a large number of determinations with several speci- 
mens of maltose, many times recrystallised, we find that 1 gram of 
anhydrous maltose reduces 1:079 grams of copper, which corresponds, 
when calculated by Wein’s table, with 95-5 per cent. 

We are indebted to the courtesy of Mr. Horace T. Brown for a 
sample of maltose, prepared in his laboratory, with which we obtained 
practically the same results as with our own preparations. 

The values recorded in this paper for the cupric-reducing powers, 
and denoted by the symbol R, have been duly corrected to true per- 
centages of apparent maltose in regard to these observations. Those 
denoted by the symbol R;.,,; do not represent true percentages of mal- 
tose, but may be converted into such by multiplying them with the 
factor M/0°386, in which M is the correct divisor for the particular trans- 
formation product. The same applies to R,.;, which we have used in 
many cases, as it gives very nearly absolute values for maltose itself. 

Incidentally, we have determined the specific rotatory power of mal- 
tose in 10 per cent. solution, and find it to be [a])=137'9° calculated 
as anhydrous maltose, a value agreeing with the recent determination 
of Brown, Morris, and Millar (this vol., p. 112). 

Action of Diastase on Starch.—A 3 per cent.solution of starch (200 c.c.) 
was treated at 60° for an hour with a solution (20 c.c.) of the diastase 
precipitated from 20 grams of active malt; the iodine reaction could 
then no longer be observed, and the constants were [a]p5s5= 146° and 
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R3.6=81. Substantially the same values were obtained after the 
solution had remained at the ordinary temperature for two days. 
This agrees with the observation of Brown and Morris (Trans., 1885, 
47, 568), that when starch tiansformations are subsequently acted on 
by malt extract at 50—60°, there is a tendency to attain a state of 
equilibrium corresponding with the following constants: | a. | js-4 = 162°6° 
and k3.s4=49°3. A transformation carried out at the ordinary tem- 
perature with an excess of diastase which had not been heated, gave, 
after 4 days’ action, R,.,=88°8, and after 18 days’ action, R3.; = 994. 
When the filtered solution was evaporated, and the syrup poured into 
alcohol of appropriate strength, crystals of maltose separated out after 
some time. 

Study of the Limited Action of Diastase on Starch at 70°.—Two 
separate quantities of potato starch were transformed at 70° in the 
following manner. The starch (1000 grams) was mixed with water 
(1500 c.c.) and malt flour (8 grams); boiling water (5000 c.c.) was 
then poured upon the sludge, which at the same time was vigorously 
stirred. Under these conditions, a limpid solution is obtained in a few 
minutes. The solution was cooled to 70°, malt flour (52 grams) added, 
and the temperature kept at 70° for 70 minutes. Iodine then pro- 
duced a reddish-brown coloration ; the specific rotatory power of the 
mixed products was |a}y3.06 = 170°. The filtered solution was evaporated 
to asyrup. A second transformation was carried, out under precisely 
similar conditions ; the two products were then mixed and fractionated 
with alcohol, as shown in the accompanying table (p. 515). 

The fractionations shown in this table need not be described in detail. 
Treatment with alcohol of the specified strengths was continued until 
no more, or but very little, substance appeared to pass into solution. 
The residue from the boiling 94 per cent. alcohol was, however, treated 
with about 3 litres of boiling 90 per cent. alcohol, and the residue from 
this treated with a similar quantity of 80 per cent. alcohol. 

These fractionations were, however, only preliminary, and we shall 
now proceed to describe the further fractionation of the products 
marked in the table A, B, C, D respectively. Each fraction will be 
dealt with under separate heads, and it is convenient to commence with 
fraction D. 

Maltodextrin-a.—One hundred grams of fraction D in the above table, 
which gave [ a |p3.s5= 174° and Rg, = 36°5, and yielded a small amount of 
crystalline osazone, was dissolved in 50 c.c. of water, and the solution 
poured in a thin stream into 1500 c.c. of 86 per cent. alcohol. The sub- 
stance which,passed into solution gave a crystalline osazone melting at 
150—152° ; it was not further examined. The precipitated syrup, which 
still gave a trace of crystallisable osazone, was dissolved in 40 c.c. of 
water and the solution poured into 1000 c.c. of 86 per cent. alcohol. 
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2000 grams of Potato Starch. 
(Total mixed products [a]p36 = 170°). 
20 litres boiling | 70 °/, alcohol 


Insoluble dextrins Extract 
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This solution was found to contain maltodextrin-B, and will be dealt 
with under that head. The precipitate was kept in a desiccator for 
some weeks, after which it was powdered and dried at 100°; it yielded 
no erystallisable osazone. The following analytical determinations 
indicate, as will be seen, that it consisted of almost pure maltodextrin-a 
(compare below). It gave [a ]p3;=179°7° and Ry.,=29°9. 15cc. of 
a solution (p= 8-489) gave a depression of 0°175°. M.W.=927. 
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The formula C,,H,,0,, requires M. W. = 990. 

A 6 per cent. solution was digested with diastase at 70° during 5 
hours, when it gave { a |p3.93; = 139°3° and Rg, = 90°7. 

After treatment for a week with a solution prepared by triturating 
brewery yeast with powdered glass and water and subsequently filtering, 
it gave a trace of osazone insoluble in hot water together with a small 
amount of a soluble osazone, which when recrystallised melted at 
150—160°. This experiment is typical of others we have carried out 
with maltodextrin-a, and indicates that this substance is extremely 
slowly hydrolysed by yeast enzymes, and is one of the products which 
Prior has designated “ Schwer vergdhrbare Kohlenhydrate” (see Bayer- 
isches Brauer-Journal, 1896, 6, 385). It should also be mentioned that 
Brown and Morris (Trans., 1885, 47, p. 570) state that, whilst “malto- 
dextrin” is unfermentable by yeast (S. cerevisie of the high fermenta- 
tion), it is converted into fermentable, crystallisable maltose by the 
action of certain forms of Saccharomyces—those accompanying secon- 
dary fermentation. 

In order to prepare maltodextrin-a in larger amount and obtain it 
in a pure state, another starch transformation with 1000 grams of 
starch was carried out at 70° under conditions similar to those already 
described on p. 514. Making use of the knowledge gained up to this 
point, 200 grams of maltodextrin-a were isolated in a state of -purity 
such that it gave no crystallisable osazone on being heated with pheny]- 
hydrazine acetate. This preparation was analysed ; it was found to 
contain 0°25 per cent. of ash and to have a cupric-reducing power 
of R=36. 

The crude substance just described was further purified in small 
quantities as follows. Twenty grams were extracted with two portions 
of boiling 80 per cent.alcohol. To the cold alcoholic extracts, acetone was 
added until a precipitate was produced, the whole was then vigorously 
shaken until the precipitate became flocculent, when it was collected, 
washed with 96 per cent. alcohol, and dried at first in a vacuum 
desiccator and subsequently at 100°. It still contained matter 
volatile at a higher temperature, and gave the following results: 
[@]ps03 = 178°2° ; Ryo = 32°7. 

The residue left undissolved by the two treatments with 80 per cent. 
alcohol was soluble in a sufficiency of alcohol of that strength, and 
appeared to consist of the same substance as the above. It gave 
[@ |ns-93= 178°8° ; R93; = 32°6. 

A second method was also adopted to purify the crude substance. 
Twenty grams were extracted with 500 c.c. of boiling 85 per cent. alcohol. 
The residue was dissolved in 40 c.e. of water, and alcohol added in 
quantity insufficient to produce e permanent precipitate, about one 
litre of a mixture of alcohol and acetone (equal parts) was then added 
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as rapidly as possible and the mixture vigorously shaken. The white 
flocculent precipitate was collected, redissolved in water, and the treat- 
ment with acetone-alcohol repeated. The substance was filtered under 
diminished pressure, washed with 96 per cent. alcohol, and dried as in 
the previous case. The substance was then dried at 120° until it 
no longer lost weight, which required 8 hours, and subsequently kept 
in @ vacuum over concentrated sulphuric acid for 12 hours. It gave 
the following mean values for the specific rotatory power and cupric- 
reducing power [a])= 180°; R=32°8. 
Elementary analysis gave the following results. 


I. 0°1768 gave 0:2820 CO, and 0°1005 H,O. C=43:49; H=6°33. 
II. 0:1168  ,, 0:1869 CO, and 0:0670 H,O. C=43°63 ; H=6°37. 
15 c.c. of a solution (p= 8°341), gave a depression of 0°171°. 

; M.W. = 926. 
The formula, C,,H,,0,, requires C=43°63; H=6°26 per cent., 
and M.W. = 990. 


Maltodextrin-a, thus obtained, is quite amorphous, but perfectly 

white. The compound is sparingly soluble in boiling alcohol of above 
85 per cent. by volume; it is, however, readily taken up by boiling 
alcohol of 80 per cent. and less, but is almost insoluble in cold alcohol. 
It dissolves readily in cold water, and is miscible in all proportions 
with hot water (compare Brown and Morris, Trans., 1885, 47, 562). 
‘ Action of Diastase on Maltodextrin-a for a Limited Period.—In these 
and other experiments, to be described later, diastase solution, prepared 
in the following way, was employed. One hundred grams of active malt 
were extracted with 20 per cent. alcohol at the ordinary temperature ; 
the alcoholic filtrate was precipitated by the addition of strong alcohol, 
the diastase filtered off, washed with 96 per cent. alcohol, redissolved 
in water, and the solution made up to 100c.c. 1—2 c.c. of this solution 
were added to about 30 c.c. of the solution of the starch product 
having a concentration of about 5—10 per cent. The following results 
have been obtained. 

At 50—60° for 2 hours :—[ a ]pss3= 142°8°; R39; =87°0. 

At ordinary temperatures for 18 hours :—[ a ]p3.93 = 145°7°; Rggg = 89'8. 

At ordinary temperatures for 48 hours :—{ a }p3-o3 = 141°3°; Ryo, = 90°0. 

Maltodextrin-B.—It has been already mentioned (p. 515) that frac- 
tion D in the table (p. 515) consisted in part of maltodextrin-f, 
and that this fraction was treated twice with alcohol. After removing 
the alcohol from the second alcoholic solution by distillation, the residue 
was found to give [a ]p3o3 = 173°5°. 


15 c.c. of a solution (p= 7-015), gave a depression of 0-185°. M. W. = 702. 
The formula, C,,H,,0,, requires M.W. = 666. 
VOL, LXXI.. NN 
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Fraction B in the table (p. 515) weighed under 10 grams, and appa- 
rently consisted, as might be expected, of a mixture of maltodextrin-a 
and maltodextrin-f. 

It gave [a ]p393= 172°; R=37°3 ; and M. W. =804. 

Tn order to obtain maltodextrin-8 in a purer state, fraction C in 
the table (p. 515) was submitted to further fractionation with alcohol 
of different strengths. The crude fraction, having the constants 
[ a |ps-96 = 146°, and R5.,=68, when heated with phenylhydrazine ace- 
tate, gave an osazone melting at 150°. It contained, as will be seen, 
extraneous substances, possibly derived from the malt used. 

One hundred and fifty grams of the fraction were dissolved in 100 c.c. 
of boiling water, and the hot solution poured into 2000 c.c. of boiling 90 
per cent. alcohol. The substance remaining dissolved in the alcoholic 
liquid, gave [a }p39;= 140°, and Rs»; = 89°5 ; it also yielded an osazone, 
melting at 150—152°. It contained the chief portion of the extra- 
neous matter above mentioned, and was made use of subsequently for 
the preparation of “isomaltose.” The precipitated substance (about 
100 grams) gave [a |p39s= 167° ; Ry os=55. It was dissolved in about 
40 c.c. of water, and the solution poured into 1 litre of 90 per cent. 
alcoho] (alcoholic solution, see below). The precipitate thus obtained 
gave no crystallisable osazone, and consisted of maltodextrin-a ; it gave 
[@]ys-03 = 178°; Rgog=31'5, and M.W.=947. The formula C,,H,.0.; 
requires M,W. = 990. 

The alcoholic solution (see above) was distilled, and the residue tritu- 
rated with strong alcohol ; it then gave [a ]p39,= 168° and Rg». = 43. 
In this state of purity, no trace of crystallisable osazone could be ob- 
tained on treating the substance with phenylhydrazine acetate in the 
usual manner. 

The substance was dissolved in water, and precipitated by the addition 
of a mixture of acetone and alcohol in the manner adopted for the puri- 
fication of maltodextrin-a (vide ante). This was done twice. The 
precipitate substance was finally dried at 120° as in the other cases. 
It gave [a]p=171°6° and R=43°0. It was not, however, obtained quite 
free from colour. 

The following results were obtained on analysis of the substance. 


0°2231 gave 03541 CO,and 0:1270 H,O. C = 43-28 ; H = 6:32 per cent. 
15 c.c. of a solution (py = 6°320) gave a depression of 0°179°. M.W. = 670. 
C,,H,,0,, requires C= 43:24; H=6°30 per cent. ; and M.W = 666. 


Maltodextrin-B is, as seen, more soluble in strong alcohol than 
maltodextrin-a. The former is also slightly soluble in a boiling mix- 
ture of aleohol and acetone, in which the latter appears to be insoluble. 

When digested with an excess of diastase (see above), at the ordinary 
temperature, for 24 hours, the substance undergoes hydrolysis; the 
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following values were obtained with a 5 per cent. solution submitted 
to this treatment :—[ a }p3.93= 140° and Ry», =91°5. 

It has been stated already that maltodextrin-8 does not yield a 
crystallisable osazone. When, however, maltosazone is crystallised from 
a solution of maltodextrin-8 which has been heated with phenylhydra- 
zine acetate, an osazone is obtained agreeing in appearance with 
Lintner’s so-called isomaltosazone. Moreover, we can confirm Prior’s 
statement that when maltodextrin-@ is mixed with an equal quantity 
of maltose, and the mixture is heated with phenylhydrazine acetate, 
“isomaltosazone ” melting at 154° is obtained. 

It must be apparent to everyone that the chief merit of such work 
as this rests with the recognjtion of the existence of such substances 
as maltodextrin-a and maltodextrin-8. We can at present adduce no 
proof that we have absolutely separated the two compounds, and a 
small quantity of one intermixed with the other would hardly be dis- 
covered by ultimate analysis or by cryoscopic determinations. Much 
remains to be done with these compounds, as, for example, the endea- 
vour to prepare crystalline derivatives. It will also be important to 
submit the products of the restricted action of diastase on maltodex- 
trin-a and maltodextrin-@ toa critical examination. In the starch 
transformations dealt with up to the present, the chief product soluble 
in alcohol is maltodextrin-c, but if hydrolysis were carried a little 
further, if is possible that maltodextrin-8 might be formed in the 
larger quantity.* 

Further Examination of Lintner’ s “ Ismaltose.’’—The mixture to which 
Lintner has applied the name “ isomaltose” was obtained from fraction 
A of the table (p. 515) and from the portion of fraction C more soluble 
inalcohol. These were purified by treatment with methylicand ethylic 
alcohol as directed by Lintner, and also by subjecting them to limited 
fermentation for 24 hours at 20—30°, with brewery yeast. Being a 
mixture, the so-called “isomaltose” varies in its properties. By 
“isomaltose” we mean those purified fractions of rotatory power 
[@ }ys-03 = 140—146° giving an osazone melting at 150°. We shall, how- 
ever, bring forward evidence pointing to the presence of maltodextrin-@ 
in the “isomaltose ” fraction of higher rotatory power. 

A convenient method of preparing “ isomaltose” is to act on a 
solution of starch, at the ordinary temperature, with diastase solution 
or malt-extract which has been previously heated at 70° for an hour. 
The following experiment is typical of those carried out in this way. 

Potato starch (300 grams) was mixed with water (500 c.c.) and malt 
flour (3 grams), and to the cold sludge, boiling water (1500 c.c.) was 
added, stirring constantly. The solution when cool was placed in a 


* Experiments carried out since this paper was written fully justify this statement. 
NN 2 
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Winchester quart bottle together with the extract of 18 grams of active 
malt previously heated at 70° for an hour; after the lapse of 2 hours, the 
iodine reaction had vanished. The action, however, was allowed to 
continue for two days ;* the filtrate then gave the values 


[ @ Joseg = 158°2° and Ry. = 69. 


By treating the mixed products of the transformation with 80 per 
cent. alcohol, an extract was obtained which, on distillation, left a 
residue having the constants [ a ]p3.9g= 136°4° ; Rysg =92. A solution of 
this, after being fermented for 24 hours at 20—30°, was filtered from 
the yeast, and the filtrate evaporated to a syrup ; this was again taken 
up with alcohol, and after the dissolved matter had been isolated as a 
syrup, the latter was treated by Lintner’s method with methylic and 
ethylic alcohols. The precipitated substance had the constants [ a |p3.03 = 
145°; R33 =87. It gave “isomaltosazone” melting at 151°, and con- 
taining 10°27 per cent. of nitrogen, instead of 10°76 per cent., the 
theoretical amount for a hexabiosazone. Another preparation of 
“isomaltosazone ” from a crude preparation of “‘isomaltose’”’ was found 
to contain 9°22 per cent. of nitrogen.t 

Fermentation of “ Isomaltose.”—Three specimens of “isomaltose ” of 
rotatory power about| a }ps.93 = 140° were submitted to fermentation with 
brewery yeast at 20—30°. The first two may be regarded as pre- 
liminary, and will therefore not be described in detail. The constants 
of the purified products were, 

tNo. I. [a]ps93= 159°; M.W =337. 
»» IT. [a]ps-93= 160°; M.W =376. 
The formula C,,H,,O0,, requires M.W = 342. 


A 3 per cent. solution of the second preparation was treated with an 
excess of diastase at the ordinary temperature for 12 hours and sub- 
sequently for an hour at 50°, when it gave [a }p395 = 140° ; Ry.93 = 94. 


* In subsequent experiments, it has been found advisable to allow the action to pro- 
ceed for a week or even longer ; it is then necessary to add some chloroform to the 
solution at the commencement of the experiment. 

+ We previously analysed an osazone melting at 151°, and found it to have the 
composition of a hexatriosazone, and at the time we regarded it as probable that a 
hexatriose was one of the products of the action of diastase on starch. We subse- 
quently withdrew that view, and furnished some experimental evidence of how the 
hexatriose might possibly be formed by the interaction of some of the products 
(Trans., 1895, 67, 744). Whatever the nature of the osazone melting at 150° may 
be, the analyses of Brown and Morris as well as our own prove conclusively that it 
contains less nitrogen than that required for a hexabiosazone, and, moreover, that 
the percentage of nitrogen varies. 

{ The cupric-reducing powers of these two products were also determined, the 
determinations being made on weighed quantities of the substances after they had 
been heated at 100°, but as we subsequently discovered they still contained volatile 
matter, the results are not trustworthy. 
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We will now describe the third experiment in detail. About 70 
grams of aspecimen of “isomaltose” giving[ a }p3.o3 = 140°; R,o3 = 88 were 
dissolved in sufficient water to make a solution of 6 per cent. concen- 
tration ; to the solution were added, at a temperature of 30°, 3 grams 
of fresh brewery yeast previously washed. Fermentation was allowed 
to proceed at this temperature for 72 hours, when it had slackened 
considerably, but was not quite at an end; the solution was then 
filtered, the filtrate evaporated to a syrup, and the latter poured into 
500 c.c. of 90 per cent. alcohol. The alcoholic solution, which con- 
tained 75—80 per cent. of alcohol, was distilled to a small volume, and, 
when cold, acetone was added, and the whole shaken vigorously. The 
flocculent precipitate which formed was collected, washed with 96 per 
cent. alcohol, and dried first in a vacuum desiccator, and subsequently 
at 100—110°. It was a white, amorphous substance, and was not 
hygroscopic when dry. It had the following constants [a ]p3.3= 
156° ; Ryg3 = 62°5. 

An elementary analysis of a specimen dried at 120° gave the following 
result. 

0:1345 gave 0°2090 CO, and 0°0788 H,O. C=42:37; H=6:50 per cent. 
15 c.c. of a solution (p= 6°659) gave a depression of 0°334°. M.W. = 379. 
TheformulaC,,H,,0,, requiresC = 42°10; H = 6°43 p.c. and M. W. = 342. 

The substance yielded a small amount of osazone melting at 130—140°. 

It seems pretty evident that these substances consisted mainly of a 
compound of the formula C,,H,,0,,, but having the properties of the 
maltodextrins ; we reserve all discussion as to its precise nature, 
however, until we have obtained more experimental evidence. 

About 50 grams of a sample of “‘isomaltose ” having the constants 
[a ]ps-93 = 148°; Rezo, =82 were dissolved in 50 c.c. of water, alcohol was 
added to the solution in quantity insufficient to produce a permanent 
precipitate, and then a mixture of acetone and alcohol (equal parts) 
until a fair amount of syrup was precipitated. The supernatant liquid 
was decanted from the syrup, and this was boiled first with strong 
ethylic alcohol and then with methylic alcohol, after which it was dis- 
solved in 25 c.c. of water, and alcohol-acetone added to the solution 
until a flocculent precipitate separated; this was collected, washed 
with 96 per cent. alcohol, and dried in the usual manner. When free 
from alcohol, it was not hygroscopic. It gave [a]p3o3 = 170°7°; Ry.3 = 52°3. 
15 c.c. of a solution (p = 7°818) gave a depression of 0°304°. M.W. = 488. 

A mixture of equal parts of maltodextrin-8, C,,H,,0,,, and a sub- 
stance of the formula C,,H,,0,, would give indications of such a mole- 
cular weight as the one just quoted. The cupric-reducing power is also 
approximately the mean of that of maltodextrin-8 and of the fermen- 
tation residue described above. The specific rotatory power does not, 
however, agree with that required for such a mixture. 
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An approximately 10 per cent. solution of the “ isomaltose” 
[ a }n3-93 = 148° was mixed with an excess of diastase. The specific gravity 
of the mixture was determined at once, and found to be 1°03979- 
After the mixture had remained at the ordinary temperature for 24 
hours, the specific gravity had increased to 103989, or an increase of 
0°25 per cent. on the total solids per 100c.c. The specific rotatory 
power of the substance in solution was then [a],)=136:1°, 
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L.—Studies on the Chemistry of Nitrogen. Enantio- 
morphous forms of Ethylpropylpiperrdonium Iodide. 


By Ciare DE Brereton Evans. 


CoNSIDERABLE interest attaches to mixed ammonium compounds on 
account of the uncertainty of their constitution, the valency of nitrogen 
in these substances being still more or less a matter of conjecture ; and 
although the balance of evidence goes to show that such compounds are 
‘atomic,’ yet the existence of at least two isomers which the presence 
of pentad nitrogen postulates (at any rate, in the case of radicles of con- 
siderable mass) has never been placed beyond doubt, in spite of the 
evidence brought forward from time to time by Le Bel, Ladenburg and 
others (see Armstrong: Hofmann Memorial Lecture, Trans., 1896, 
69, 666). 

Bearing in mind the suggestion made by Lossen (Annalen, 1876, 
181, 364) in his criticism of the work of V. Meyer and Lecco (idid., 
1876, 180, 173) that any characteristic crystallographic differences 
possessed by isomeric ammonium compounds are likely to be masked by 
the addition of heavy molecules, such as those of picric acid or platinum 
chloride, it was determined to investigate the haloid derivatives of 
piperidine of the form C,H,,*R,R NX as these substances may easily 
be obtained in a state suitable for crystallographic examination. 

The iodide of ethylpropylpiperidonium was therefore prepared, on the. 
one hand from ethylpiperidine and propylic iodide and on the other from 
propylpiperidine and ethylic iodide. After carefully crystallising the 
products from absolute alcohol, it was found possible to mechanically 
separate each into a right-handed and a left-handed variety, melting at 
the same temperature (276°) and differing only in beirg enantio- 
morphous. 

Now, although the presence of pentad nitrogen would account for 
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two isomeric piperidonium derivatives, it was not to be expected, nor 
would it be explicable on any of the usual hypotheses, that these should 
possess enantiomorphous crystalline structure ; it therefore appeared pro- 
bable that the enantiomorphism might belong to that rare class of which 
examples are afforded by sodium chlorate, bromate and periodate, guani- 
dine carbonate, ethylenediamine sulphate and possibly benzil—cases in 
which the spiral arrangement of the molecules in the crystal gives rise 
to the same phenomena owing to purely crystallogenic causes (see Pope, 
Trans., 1896, 69, 971 ; Barlow, Phil. Mag., 1897, 43, p. 110), and which 
may be distinguished from enantiomorphism due to the arrangement of 
the atoms in space, by the optical inactivity of the substances in solution, 
as well as by the possibility of changing either form into the other by 
crystallisation. 

Further investigation showed this to be the true explanation. It 
was found that although ethylpiperidine and propylic iodide fortui- 
tously gave rise to a product in which the left-handed variety predomi- 
nated, whilst the corresponding product derived from propylpiperidine 
and ethylic iodide consisted mainly of right-handed crystals, yet each 
of these was mixed with its mirror-image form ; moreover, both forms 
were found to afford optically inactive solutions, and each on recrystal- 
lisation afforded both forms, It was noticed also, as in the case of sodium 
chlorate, that when only a few large crystals separated from a solution 
these were invariably nearly all of one kind, whereas a large crop of 
small crystals consisted, as a rule, of the two forms in about equal 
quantities. 

As far as they go, therefore, the results of these experiments confirm 
those of Meyer and Lecco (Annalen, 1876, 180, 173), and also the more 
recent observations of Menschutkin (Zeit. physik. Chem., 1895, 1'7, 226), 
who obtained but a single ethylallylpiperidonium bromide by a similar 
series of operations. On the other hand, the work has led to the 
discovery of a substance which is interesting from a crystallographic 
point of view on account of the rarity of the phenomenon which it 
exhibits. 


The alkylpiperidines used in the preparation of the ethylpropyl- 
piperidonium iodide by the two series of interactions were made by 
adding the alkyl haloid to the calculated quantity of piperidine (from 
Kahlbaum) contained in a vessel surrounded by a freezing mixture, the 
product being subsequently distilled from solid potash (Cahours, Ann. 
Chem. Phys., 1853, [3], 38, 76), but it was found to be much simpler, 
as well as much more economical, to purify them by means of the 
picrate than to use the method of fractional distillation adopted by 
Cahours. 

Lthylpiperidine picrate, C,H,,EtN,C,H.,(NO,),"OH, was obtained by 
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neutralising with a solution of picric acid the crude ethylpiperidine 
obtained by distilling the hydrobromide, C;H,,NEt,HBr, from solid 
potash. Being almost insoluble in cold water, the picrate began to 
separate at once, and was easily purified by a single crystallisation 
from alcohol, in which it is very soluble. Made in this way, it 
forms bright yellow needles, melting at 167:°5° It is soluble in all the 
ordinary neutral solvents, such as acetone, ethylic acetate, benzene, dc. 

Ethylpiperidine, C;H,,NEt, was made from the picrate by mixing 
the latter with excess of a concentrated solution of caustic potash 
(KOH: H,O=1:5), and then distilling in a current of steam, a large 
distilling flask being used on account of the frothing. The ethyl- 
piperidine was extracted from the distillate by means of ether, and the 
ethereal solution allowed to stand over solid potash ; on subsequent 
distillation, the whole of the base came over at 128°. 

Ethylpropylpiperidonium iodide, C,H,)EtPrNI.—18°5 grams of pro- 
pylic iodide (Kahlbaum) were added gradually to 13 grams of ethyl- 
piperidine boiling at 128°; no immediate action was observed in the 
cold, but after several days, or after a few hours’ warming, the liquid 
gradually solidified to a mass of white crystals. These were collected 
and dissolved in cold absolute alcohol; moderately large, triangular, 
colourless plates melting at 276°5° were deposited after the solution had 
been exposed over sulphuric acid during several hours. The crystals 
are soluble in most of the ordinary neutral solvents, such as acetone, 
ethylic acetate, chloroform, &c., but insoluble in ether, so that the ad- 
dition of the latter to a solution of the compound in any of the solvents 
mentioned causes its precipitation in the form of fine needles; these, 
however, soon change to plates. On analysis 0:2203 gave 0°1820 Agl, 
or 44°87 per cent. of iodine ;.the theoretical percentage is 44°83. 

The same substance was next prepared by the action of ethylic iodide 
on propylpiperidine, which was obtained in the purified state from its 
picrate, (m. p. 108°), in the manner described in the case of the 
ethyl compound. The product was in every respect identical with 
that described above. 

On examination, it was found, however, that the products of the two 
interactions were neither of them homogeneous, but that each consisted 
of a mixture of right-handed and left-handed crystals, the two con- 
stituents of each preparation being respectively identical. On heating 
rapidly in a melting-point tube, either form, whether crushed or whole, 
fuses at 276° without undergoing decomposition, and a mixture of the 
two melts at the same temperature. Moreover, on recrystallisation, 
each variety gives rise to a mixture of both, and no rotation of the plane of 
polarisation was observed in an 8 per cent. solution of either modification. 

On the other hand, crystallographic examination showed the crystals 
of ethylpropylpiperidonium iodide to possess all the characteristics of 
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non-superposeable hemihedrism. The triangular plates deposited from 
the cold alcoholic solution by spontaneous evaporation belong to the 
monosymmetric system, but possess no plane of symmetry. The pina- 
coid a{100} is always dominant, the dome form m{110} being relatively 
small ; only half the possible number of faces of the pyramid form 
o{111} are found on any one crystal, the complementary faces being 
developed on another. All the reflections are poor. Examination 
under the polarising microscope showed the optic axial plane to be per- 
pendicular to the suppressed plane of symmetry, the acute bisectrix 
emerging in a{100}. The double refraction is positive and weak, and 
the optic axial angle fairly large. 


Crystalline System :—Hemimorphic Monosymmetric. 
a:b:c=0°639:1:0°544. B=64° 7’. 


Fic. 1. 


™m (110) eg 


@{i0o) 


100} 
‘001} 
{110} 
111} 


The following angular measurements were obtained. 


No. of 
Angle. ___ observations. Limits. Mean. Calculated. 
100 : 111 11 111° 38’—112° 42’ nus” i 112° 23’ 
100: 111 11 28 — 68 20 67 — 
100 : 110 25 45 — 30 23 29 _— 
100 : 110 7—150 2 150 150 5 
110 : 110 50 —120 30 120 120 94 


am 2 
0 10 
111 : 110 4 48 — 56 50 56 56 524 
6 
9 
5 


mm 
om 
om 
om 
om 


111 : 110 6 —123 20 123 123 74 
111 : 110 40 — 84 15 84 
111 : 110 


49 — 96 10 95 583 95 86 


Etched figures were formed on {100} by immersing a crystal for a 
short time in absolute alcohol ; these were generally indistinct, owing 
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to the dulness of the crystal faces. Their appearance is shown dia- 
grammatically in the accompanying figure. 


Fic. 2. 


The crystals show no signs of being pyroelectric if warmed on a 
watch-glass and dusted with a mixture of red lead and sulphur, but 
this is possibly owing to the fact that when thus treated they soon 
became opaque and split up into a number of small pieces. 

CUEMICAL DEPARTMENT, 


CENTRAL TECHNICAL COLLEGE, 
SoutH KENSINGTON. 


LI.—Magnesium Nitride as a Reagent. 
By H. Lioyp Syapz, D.Se., Ph.D. 


Tue object of the experiments detailed below was to investigate 
whether magnesium nitride might be utilised as a means of substituting 
nitrogen for oxygen, chlorine, and other negative elements which com- 
bine with magnesium. 

The only successful attempts previously made in this direction are, 
so far as I am aware, those with acid anhydrides, Emmerling (Ber., 
1896, 29, 1635) having succeeded in preparing acetonitrile and benzo- 
nitrile in this way. 


(CH, CO),0 + Mg,N, = 3MgO + 2CH,: ON. 
(C,H, CO),0 + Mg,N, = 3MgO + 2C,H,- CN. 


To determine whether a simple mutual decomposition does occur 
when magnesium nitride is brought into contact with substances of 
different character, reactions were chosen which seemed likely to 
produce nitrogenous compounds which were already known and could 
be readily recognised. Hence I investigated, in the first instance, the 
behaviour of magnesium nitride towards chloroform, hexachlorethane, 
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and benzaldehyde respectively, in the hope that the reactions repre- 
sented by the following equations would take place. 


2CHCI, + Mg,N, = 3MgCl, + 2HCN, 
C,Cl, + Mg,N, = 3MgCl, + C.N,. 
3C,H,* COH + Mg.N, = 3Mg0 + (C,H, CH),N,. 


In no one of these cases did I succeed in obtaining the desired 
nitrogenous compound, although the conditions under which the ex- 
periments were made were very varied. The chloroform was not 
attacked at a temperature at which hydrogen cyanide could exist 
without decomposition, but at higher temperatures an energetic re- 
action took place. Hydrogen was given off, but no trace of cyanogen 
could be detected in the evolved gases, neither did the black solid 
residue contain paracyanogen. The observed results, therefore, were 
consonant with the following reaction. 


2CHCI, + Mg,N, = 3MgCl, +C, +N, +H. 


The hexachlorethane and benzaldehyde were likewise unaffected at 
temperatures below those at which the anticipated products could be 
formed. On heating with benzaldehyde to about 240°, I obtained a 
product identical with that described by Laurent as amarone (Annalen, 
1844, 52, 356), and this, I subsequently discovered, was identical with 
Japp and Burton’s £-tetraphenylazine (Trans., 1887, 51, 101). 

The magnesium nitride employed in the various experiments was 
prepared by passing dried nitrogen over magnesium powder con- 
tained in an iron tube which was heated in a combustion furnace. 
The gas required for this purpose was obtained by forcing air through 
a strong aqueous solution of ammonia, and passing the mixed gases 
successively over heated copper turnings and through a series of wash- 
bottles and drying tubes. 


Magnesium Nitride and Benzaldehyde. 


Finely powdered magnesium nitride was heated with benzaldehyde 
to the boiling point of the latter in an atmosphere of dry nitrogen, 
but no change in the magnesium nitride could be observed. The 
mixture was then transferred to a hard glass tube, which was 
sealed and heated for about 7 hours at temperatures varying between 
175° and 213°; numerous minute crystals were formed, and these 
increased on raising the temperature to 240°. The greater part of 
the magnesium nitride remained unchanged as a stiff mass at one end 
of the tube, but by warming the tube the unaltered liquid benzalde- 
hyde with the products of decomposition was caused to flow to the 
other end of the tube. On distilling the product with steam until 
oily drops of benzaldehyde ceased to pass over and extracting the 
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residue with hot alcohol, a solution was obtained which, on concen- 
tration, deposited a small quantity of yellowish crystals. On recrys- 
tallising these from a mixture of benzene and absolute alcohol, small, 
colourless needles were obtained which melted at 243°5°, and sublimed 
without decomposition, The solid residue left in the tube, consisting 
mainly of unaltered magnesium nitride, was next extracted with ben- 
zene, and the extract, after the benzene had been removed by distilla- 
tion, was distilled with steam to remove benzaldehyde. On extracting 
the residual resinous mass with alcohol, a further crop of crystals was 
obtained, precisely similar to those mentioned above. The total quan- 
tity, however, was but small. 

The crystals were slightly soluble in absolute alcohol, a little more 
so in ether, and very soluble in benzene or chloroform. They 
dissolved in concentrated sulphuric acid, yielding a beautiful red 
solution, from which a white substance was precipitated by the addi- 
tion of water. The properties of this substance seemed to agree fairly 
well with those cited for amarone as prepared by Laurent ; and, after 
preparing some of the latter, I found that the two were actually 
identical. As, however, some improvements were introduced into the 
preparation of amarone, and the molecular formula assigned to it by 
Laurent was proved to be incorrect, an account of the work is given in 
a separate paper. 


UNIVERSITY COLLEGE OF WALES, 
ABERYSTWYTH. 


LIL.—Lawrent’s Amarone. 


By H. Lioyp Snaps, D.Sc., Ph.D., and ArtHur Brooke, Ph.D. 


LauRENT (Annalen, 1844, 52, 356) isolated from the products of the 
dry distillation of benzoylazotide a compound which he named amarone, 
and to which he assigned the formula C,,H,,N. Requiring some of 
this compound for comparison with one obtained by the action of 
magnesium nitride on benzaldehyde, it became necessary to repeat 
Laurent’s experiments. 

It was first requisite to prepare the benzoylazotide. .The method 
recommended in Beilstein’s Organische Chemie is that originally 
carried out by Beilstein and Reinecke (Annalen, 1865, 136, 173), and 
consists in treating hydrobenzamide with hydrocyanic acid and sub- 
sequently with hydrochloric acid. We did not, however, obtain good 
results on repeating this experiment probably from lack of knowledge 
of the exact conditions under which these chemists worked. 
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Ploechl (Ber., 188], 14, 1142) has shown that benzaldehyde and 
phenylamidoacetonitrile are formed during the above action, and that 
these then react on one another in accordance with the following 
equation. 

C,H, COH + C,H, CH(NH,)-CN = C,H,: CH:N- CH(C,H,):CN + H,0. 

Hence it seemed to us probable that the same result could be obtained 


by the direct action of ammonium cyanide on benzaldehyde. In the 
first instance, phenylamidoacetonitrile would be formed thus: 


C,H,COH + NH,: CN =C,H,: CH(NH,)-ON + H,0, 


and then, by the addition of more benzaldehyde, benzoylazotide would 
be produced as before. 

This anticipation was amply fulfilled, the method proving to be a 
satisfactory one for preparing benzoylazotide. 


Preparation of Benzoylazotide. 


In our initial experiment, ammonium cyanide was first isolated by 
heating dried potassium ferrocyanide with ammonium chloride in a 
retort connected with cooled receivers, the air having been driven out 
of the whole apparatus by a current of hydrogen. The crystalline 
product was then treated with a mixture of benzaldehyde and alcohol. 
The ammonium cyanide was employed in much larger proportion than 
that theoretically required, in order to avoid the possible formation of 
benzhydramide. Action took place at once, the mixture becoming 
warm, and crystals separated out after the whole had been allowed 
to stand for some hours; more crystals were deposited on adding 
benzaldehyde to the mother liquor. 

The two crops of crystals were separately purified by washing with 
methylated spirit, then extracting with ether, and finally repeatedly 
recrystallising the residue from benzene. The last crystallisation was 
effected by adding an equal volume of absolute alcohol to the concentra- 
ted solution in benzene. Both sets of crystals, after purification, softened 
at about 198°, and melted completely at 202° ; decomposition takes place 
as the substance melts, a gas being evolved, and the liquid becomes 
brown and does not crystallise on cooling. This substance dissolves in 
alcohol, methylated spirit, and carbon bisulphide with some difficulty, 
scarcely at all in ether, and is insoluble in water. The best solvents 
are benzene and chloroform. 

As no melting point for benzoylazotide is given in the literature of 
this substance, an estimation of the nitrogen present in the above 
crystals was made to establish their identity. 

0°1523 gave 16°4 c.c. moist nitrogen at 13° and 759°2 mm. N=12°75, 


Benzoylazotide, C,,H,,.N.,, requires N = 12°73 per cent. 
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Benzhydramide, whose melting point has not been determined, and 
which was the other product most likely to be present, requires N = 
8°59 per cent.* 

In the later experiments, in order to effect economy of time and 
labour, the ammonium cyanide was not previously condensed, but 
immediately conducted from the generator into large U-tubes containing 
a mixture of benzaldehyde and absolute alcohol. The ammonium 
cyanide was completely absorbed in the U-tubes. If sufficient alcohol 
was not present, an oil, probably consisting of phenylamidoaceto- 
nitrile, separated, but on increasing the quantity of the solvent and 
shaking (and if necessary adding also more benzaldehyde) a homogeneous 
liquid was obtained from which crude benzoylazotide slowly separated. 

After the product had been washed with alcohol, and recrystallised 
from benzene, the same substance was obtained as before. 


Distillation of Benzoylazotide and Isolation of Amarone. 


Five grams of benzoylazotide were heated in a fractional distillation 
flask under a pressure of 21 mm. ; between the distillation flask and 
the pump there were introduced an empty flask surrounded by a freezing 
mixture, and a bulb tube containing small pieces of caustic potash. 

Almost immediately after applying heat, a vapour was evolved which 


condensed to a colourless liquid on the cool upper part of the flask. 
Some vapour also escaped condensation and turned the potash brown. 
A colourless liquid having collected in the receiver, there now passed 
over a darker coloured oil which, mingling with the former, formed a 
clear, pale yellow liquid. The residue remaining in the distillation flask 
after this oil had ceased to pass over had evidently a much higher 
boiling point, and the distillation was now stopped; this residue, 
which solidified toa clear red mass, weighed 3°4 grams. The yellow oil 
in the receiver dissolved easily in a small quantity of ether, but was 
not further investigated. The caustic potash was found to have 
absorbed a considerable quantity of hydrogen cyanide, very small 
quantities yielding a copious precipitate of Prussian blue. 

As we have not completed our investigation of the nature of the 
various products obtained by the distillation of benzoylazotide, the 
isolation of amarone will alone be described in this paper. 

The contents of the distillation flask were dissolved in boiling alcohol 
containing a small quantity of hydrochloric acid, the crystals which 
separated being again treated with a dilute solution of hydrochloric 


* Laurent obtained benzhydramide by prolonged treatment of benzaldehyde with 
an alcoholic solution of ammonium cyanide. It would appear probable that 
benzhydramide would also be formed by the action of benzaldehyde on benzoylazo- 
tide CgHs*COH + C,;H,.N,=C..H,gN,0. We propose to try whether this reaction is 
possible. 


SNAPE AND BROOKE: LAURENT’S AMARONE. 531 


acid in alcohol in order to remove any lophine present. The fine, needle- 
shaped crystals which remained undissolved melted simultaneously 
with those obtained by the action of magnesium nitride on benzalde- 
hyde. Moreover, both gave the characteristic red solution in sulphuric 
acid, and behaved in a precisely similar manner towards other solvents. 
The total quantity of amarone was, however, but small. 

A further quantity of crude benzoylazotide, which had meanwhile, 
separated from the mother liquors of the original preparation from 
ammonium cyanide and benzaldehyde, was now subjected, without 
previous purification, to distillation, and a fresh quantity of amarone, 
having the same melting point and other properties as the crystals 
mentioned above, was obtained by similar treatment. An estimation 
of the nitrogen present gave the following results. 


01614 gave 10:1 ¢.c. moist nitrogen at 15° and 755 mm. N=7-28. 
Laurent’s formula, namely, C,,H,,N, requires N = 6°45 per cent. 


The formula given by Laurent was thus obviously incorrect. It is 
very probable that the substance he named amarone was impure, and 
this is also indicated by the fact that he gives the melting point as 
233°, or about 10° lower than that of the purified material. 

At this stage of our investigation, we thought that amarone had 
probably the formula C,,H,,N, which requires 7:25 per cent. of 
nitrogen ; this is in accordance with the above analysis. It seemed 
probable that, as hydrogen cyanide was evolved during the formation of 
amarone from benzoylazotide, one phase of the decomposition of the 
lattercompound might berepresented thus: C,,H,,.N,= HCN +C,,H,,N. 

If this hypothesis were correct, a better yield of amarone might pos- 
sibly be obtained by heating benzoylazotide with alcoholic caustic potash. 
These reagents were accordingly placed in a sealed tube and heated 
in a steam oven for 14 hours. On opening the tube, ammonia gas 
escaped, at once indicating that the reaction had not taken the simple 
course which had previously been thought possible. The contents of 
the tube, which were partially crystalline, were thrown into water, 
when a pale brown, solid substance remained undissolved ; the filtrate 
from this had an aromatic odour, and responded to the Prussian blue 
test for hydrocyanic acid. The solid residue was dissolved in methy- 
lated spirit, and on gradually adding water to the solution a small 
quantity of needle-shaped crystals separated ; these crystals were not 
quite pure, but melted at about 235°, and gave the characteristic red 
coloration with sulphuric acid. Thus amarone was obtained by this 
method, but in such small quantity as to afford no basis for fixing the 
constitution. 

The percentages of C and H in the amarone previously obtained 
were now determined. 
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IJ. 0°194 gave 0°6214 CO, and 0°0943 H,O. C=87°36; H=5-40, 
III. 0:2182 ,, 0-699 CO, and 0°1037 H,O. C=87:37; H=5-28. 


The results of the three analyses agree with the empirical formula 
C,,H,,N, which requires C= 87:5 ; H=5°21 ; N=7-29 per cent. 

On searching through the somewhat voluminous literature on nitro- 
genous compounds possibly derivable from benzaldehyde, we noticed a 
description of the substance obtained by Japp and Wilson (Trans, 
1886, 49, 829) by the action of ammonium acetate on benzoin, and 
which they then called ditolaneazotide, but which Japp and Burton 
(Trans., 1887, 51, 101) later showed was an azine, and would be more 
correctly termed tetraphenylazine. From the description, the pro- 
perties of this substance appeared to be similar to those of amarone. 
Professor Japp very kindly supplied us with some of his tetraphenyl- 
azine, melting at 244—245°, for comparison with our amarone. These 
two specimens, prepared by very different methods, melted simul- 
taneously when heated in the same bath, and were in other respects 
identical. 

The method of purification recommended by Japp and Wilson for 
their tetraphenylazine, namely, dissolving it in saturated alcoholic 
hydrochloric acid, and precipitating by pouring the solution into a 
larger quantity of alcohol, was found to afford a very satisfactory 
method of purifying amarone prepared from benzoylazotide. 

From these results, there can be-no doubt that the substance hitherto 
described in chemical literature as “* Amarone” is identical with tetra-. 
phenylazine. ' 

It seems probable also that the compound, obtained by Curtius and 
Blumer (Abstr., 1895, i, 607), by heating benzoinhydrazine (which as 
yet has received no definite name, but appears merely as a “ Verbin- 
dung,” under Benzoinhydrazine in Beilstein’s Organische Chemie, 3rd 
edition, vol. iii, 225), is also the same substance. Curtius states that 
it melts at 246°, is sparingly soluble in alcohol, and gives a red colora- 
tion with sulphuric acid, and, as far as may be judged from his des- 
cription, it appears to have precisely the same properties as amarone 
and tetraphenylazine, the constitutional formula of which is, 

OH, C—N—C-C,H, 
yy a 
C,H,;C—N—C-C,H 
UNIVERSITY COLLEGE OF WALES, 
ABERYSTWYTH. 
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LII.—The Wide Dissenunation of some of the Rarer 
Elements, and the Mode of their Association in 
Common Ores and Minerals. 


By Watter Nort Harttey, F.R.S., and Huen Ramacg, A.R.C.S.L, 
F.LC. 


In two communications already made to the Royal Society, it is des- 
cribed (Proc. R. S., 1896, 60, p. 35, and 1897, 60, p. 393) how we 
have traced gallium from the appearance of a line in the spectrum 
of the Bessemer flame to the blast-furnace metal from Middlesbrough- 
on-Tees, and to the Cleveland ore from which this was smelted. The 
wave-length of the line observed in some seventy-six photographs was 
proved to be identical with that of the less refrangible of the two lines 
in the spectrum of gallium ; we proved the absence of this element 
from the slags, from the limestone used as a flux, and also from the 
Spanish manganese ore added to the furnace charge. 

Aided by spectrographic analysis, we operated on 575 grams of 
metal, and separated the whole of the gallium as pure Ga,O,, in order 
to determine the quantity present. We found the same rare element 
in several different ores of iron, namely, in clay ironstone and black 
band ore, and also in various other aluminous ores. While this was of 
interest, there appeared to be a more extensive field for enquiry opened 
up by the discovery of a number of other metallic substances in 
different varieties of ores, so that it seemed incumbent upon us to 
examine a collection of specimens of different mineral species. 
Eventually, these ores and minerals were classified, and the results 
obtained from their spectrographic analysis embodied in a tabular state- 
ment, which disclosed several novel and interesting facts.* 

The following is a record of the composition of about 170 specimens. 
Elements other than those mentioned in the lists (a), (6), and (c) were 
not sought for. Half a gram of each substance, finely powdered, was 
heated in the oxyhydrogen flame. The following elements and their 
compounds thus yield spectra which are easily observed. 

(a) In very small quantity : 


K Ca Ga Pb 


Cu Rb Sr In Bi 
Ag Cs Ba Tl Cr 


(6) In small quantity : 
Li Au Cd Sb and Sn 


* [As these tables have not been printed, the facts do not appear in so strikingly 
evident a form as that in which they presented themselves to the authors.—W. H. N.] 
VOL, LXXI, 0 0 
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(c) In such quantity as to indicate that the substance is one of the 
principal constituents of the mineral : 
Be B Di Te Rh? 
Mg Ss Ir Pd? 
Zn Ce Se Ru? 


In order to show the extent to which these tests may be relied on 
in list c, we may cite two or three examples. Magnesia gives a series of 
beautiful bands when magnesian limestone is examined.* The bands of 
boracic acid are readily observed in natural borates. But ordinarily, 
neither aluminium nor zinc easily yield their spectra from the oxide, 
though under certain conditions they do so. 


The Composition of Iron Ores. 
Specimen. Description aud Locality. 
1. Calcined Cleveland ore, from the North-Eastern Steel Co.’s 
Works, Middlesbrough, 

2, Cleveland ironstone, Middlesbrough. 

. Clay ironstone, Yorkshire, 
Grosmont, Whitby, Yorkshire. 
Grosmont, Whitby. 
Hedley Collieries, Northumberland. 
Hedley Collieries, calcined. 
Nodules. 
Merthyr Tydvil, South Wales. 
balls, calcined. 
Castlecomer, Co. Kilkenny. 
Northamptonshire. 

. Iron spar, Brendon Hill Iron Mines, Somersetshire. 

. Clay ironstone, Northamptonshire ore, calcined. 

. Calcined ironstone, Normandy Mine, Yorkshire. 

. Bassy ironstone, Longton, Staffordshire. 

. Bassy ironstone, Longton, calcined. 

. Old Man ironstone, Derbyshire. 

. Gubbin ironstone. 

. Gubbin ironstone, calcined. 

. Ball ironstone, 

. Ball ironstone, calcined. 

. Diamond ironstone, calcined. 

. White ironstone. 

. White ironstone, calcined. 

. Blue Flats ironstone. 

. Blue Flats ironstone, calcined. 


* “Oxyhydrogen Flame Spectra,” Phil. Trans., 1894, 186, pp. 161—212. 
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Specimen. Description and Locality. 

28. New ironstone, Foley Colliery. 

29. New Mine ironstone, Foley Colliery. 

30. New Mine ironstone, calcined. 

31. Poor Robin ironstone. 

32. Poor Robin ironstone, calcined. 

33. Ironstone, Hanbury Mine, Longton. 

34. Ironstone, Frinsarren, Pembroke. 

35. Black ironstone, from above Black Bed coal. 

36. Deep Mine ironstone, Longton. 

37. Ironstone, Hengistbury Head, Isle of Wight. 

38. Dog-tooth ironstone, Newbold, Chesterfield. 

39. Chalky Mine ironstone, Longton. 

40. Old Woman Black Shale, near Chesterfield. 

41, Ferruginous Marl, Great Hematite Mine, near Llantrissant, 
Wales. 

42. Conglomerate, a mixture of hematite and cale-spar, Mygney, 
near Llantrissant. 

43. Calcined clay band. 

44, Calcined soft band, Calder Braes. 

45. Calcined black band, Calder Braes. 

46. Raw black band. 

47. Black band, Staffordshire. 

oS « » Mount Melville Mine, St. Andrews, Scotland. 

a a » The same, calcined. 

-  ~“ » Edinburgh. 

51. Mineral de Malone, Pic de Namur. 


Miscellaneous Iron Ores. 


The above specimens, chiefly slay ironstones and black-band ores, 
numbered 1 to 51, inclusive, all contain sodium, potassium, copper, 
calcium, iron, and manganese. 

All appear to contain rubidium ; it has been proved to be a con- 
stituent of Nos. 4, 15, and 20. 

All contain silver, except Nos. 11, 15, and 35. 

The following metals are also constituents of the ores. 

Lead, in Nos. 1—6, 10—12, 14—16, 20—29, 31, 33, 34, 37, 43—45, 
48—50. 

Gallium, in Nos. 1—5, 7, 10—12, 15, 25—28, 35, 36, 38, 39, 47, 51. 

Nickel, in Nos. 2, 6, 11, 14, 15, 16, 20, 25, 28, 38, 39, 50, 51. 

Chromium, in Nos. 1—4, 6, 11, 12, 15, 28, 35, 51. 

Strontium, in Nos. 6, 42, 46, 47. 

Magnesium and barium, in No. 42. 

Thallium, in No. 51. 
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Brown Hematites.. 
Specimen. Description and Locality. Gd 

52. Pisolitic hematite, Louveignez. 

53. Brown hematite, Aryleur, near Liége. 

54, - St. Maur, Meuse. 

55. e Graux, 8.W. of Namur. 

56. ‘“ Werbomont. 

57. 99 Cornwall. 

These minerals all contain sodium, potassium, rubidium (?), copper, 
calcium, iron, and manganese. All contain silver and lead, except 
No 56. 

In addition, the following metals have been found— 

Gallium, in Nos. 52 and 54. 

Thallium, in Nos. 54 and 55. 

Chromium, in Nos. 52, 54 and 55. 

Indium, in No. 57. 

Where a note of interrogation appears after the name of a metal, it 
implies that the lines are rendered difficult of observation or measure- 
ment, owing to other lines being closely adjacent thereto. This is the 
case with rubidium in most of the iron ores. 


Limonites. 

Specimen. . Description and Locality. 

58. Limonite. 

59. ” Langenstriegés, Saxony. 

60. ™ Lercoul, Arriége, France. 

6l. ~ Fleetwood, Pennsylvania, U.S.A. 

62. Bog iron ore, Ippendorf, Rhine. 

These specimens all contain sodium, potassium, rubidium(t), silver, 
iron, and manganese. 

Manganese is strong in Nos. 55, 56, and 57. 

The following metals were also found— 

Copper, in Nos. 58, 59, 62. 

Calcium, in Nos. 58, 59, 60, 61. 

Lead, in Nos. 58, 59, 61, 62. 

Nickel, in Nos. 58, 59, 62. 

Thallium and chromium, in No. 58. 


Red Hematites. 
Specimen. Description and Locality. 
63. Hematite, Cleator Moor, Cumberland. 
64. ™ Antwerp, New York, U.S.A. 
65. Iron glance, Elba. 


HARTLEY AND RAMAGE: COMMON ORES AND MINERALS, 537 


Specimen. Description and Locality, 

66. Iron glance, Canada. 

67. Hematite, Osnaburg, Germany. 

68. Haycock Mine, Ontario, Canada. 

69. Esvenstock, Saxony. 

70. Altenberg, Saxony. 

71. Schwarzenberg, Erzgebirge. 

72. Schwarzenberg, Erzgebirge. 

73. Schneeberg, Saxony, 

74. Elba. 

75. Norberg, Sweden. 

76, Styria. 

77. near Llantrissant, Wales, 

78. Specular iron ore. 

79. mn » 4 Darlkarlsberg, Sweden. 

80. » »» 9» Mossaberg, Sweden. 

These minerals, which include the varieties iron glance and specular 
iron ore, may be conveniently divided into two sub-groups. Sub-group 
I, comprising Nos. 63 to 66, contains neither manganese, calcium, nor 
lead. Without exception, the following elements have been found in 
traces only—sodium, potassium, and copper. Silver is found in all, but 
the proportion varies considerably. Iron, of course, is the chief con- 
stituent. These specimens are of exceptional purity. Sub-group II, 
comprising Nos. 67 to 80. With few exceptions, they contain sodium, 
potassium, copper, and manganese in traces only. 

Sodium is strong in Nos. 67—69, 71, 73, 74, 76, 78. 

Manganese is strong in Nos. 75, 77, 78, and very strong in 71. 

Copper is strong in Nos. 67, 71, 76. 

Silver is absent from Nos. 68, 73, 74, 78, and 79. 

The following elements are found in variable proportions beyond 
mere traces— 

Calcium, strong in Nos. 77 and 78, but traces only in Nos. 67, 68, 
70—72, 74—76, 79, 80. 

Lead, in Nos. 67 and 68, also in Nos. 76 to 80 inclusive. 

Gallium, in Nos. 71, 72, and 79. 

Indium, in Nos. 67, 70, 71. 

Thallium, in No. 71. 

Nickel, in No. 72. 

Rubidium, in 71, (?) Nos. 77 and 80. 

No. 67 is exceptional in containing gallium, indium, and thallium, 
the latter in unusual quantity. 
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Magnetites. 


Specimen. Description and Locality. 

81. Magnetite, Moriah Mine, Essex Co., New York. 

82. ~ Ozarka Mountains, Arkansas. 

83. » Opdal Skage, Namsa, Norway. 

84. Magnetic iron ore, Darlkarlsberg, Sweden. 

85. oe » 9» Bispberg, Sweden 

86. Pa » 9, Dannemora, Sweden. 

87. Magnetic iron sand, washed from sand on Bray Strand, Co. 
Dublin. 

These all contain sodium, potassium, silver, copper, calcium, gallium, 
manganese, and iron. 

With the exception of No. 81, all contain lead. Nickel, a trace, in 
Nos, 83 and 87. Rubidium (?) in Nos. 81, 84, 85, 86. Indium in 
No. 86, 

Siderites. 
Specimen. Description and Locality. 

88. Siderite, East Pool, Cornwall. 

89. i East Pool, Camborne, Cornwall. 

90. “ West Cornwall. 

91. - Hendaye, Spain. 

92. ” Siegen, Westphalia. 

These all contain sodium, potassium, silver, copper, calcium, indium, 
iron, and manganese. The proportions of these elements are very 
variable. Thus, silver, copper, and potassium are very strong in 
No. 88. Indium is very strong in No. 89. 

The following metals have also been found— 

Rubidium in No. 88. 

Cobalt, nickel, and bismuth in No. 89. 

Lead in Nos. 88, 90, 91. 


Aluminous Minerals and Ores. 


Specimen. Description and Locality. 

93. Aluminous iron ore, Co. Antrim, Ireland, No. 1. 
94, i ‘ - No. 6. 
95. ” i * No. 11. 
96. Kaolin. 

97. Decomposed Quartzite, Shankhill, Co. Dublin. 

98. Banxites, No. 1. 

99. . Co. Antrim, Ireland. 
100. . Locality unknown, probably Irish. 
101. . Arles, France. 

102. . Arles. 
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Specimen. Description and Locality. 

103. Bauxites, No. 6. Arles. 

104. . Locality unknown. 

105. . Arles. 

106. 9. Arles. 

107. 10. North of Ireland. 

108. » ll. Arles. 

With a few exceptions, these all contain potassium and sodium in 
traces only. Copper, calcium, gallium, iron, nickel, manganese, and chro- 
mium in variable proportions. The exceptions to be mentioned, are— 

No nickel in Nos. 93, 94, 96. 

No manganese in Nos. 97, 98, 101, 102, 103. 

No chromium in Nos. 94, 96. 

In addition to the above, the following metals have been found— 

Silver, in Nos. 93—-95, 98, 100—104, and 108. 

Rubidium, in No. 95, and a trace in 97. 


Various Manganese Minerals and Ores. 


Specimen. Description and Locality. 

109. Spanish ore, 15 per cent. used at Middlesbrough. 

110. Pyrolusite, Giessen, Saxony. 

111, ‘es Ilmenau, Thuringia. 

112. Psilomelane, near Dolgeily, N. Wales. 

113. - Lorca, Spain. 

114. ™ Siegen, Westphalia. 

115. Rhodonite, near Dolgelly, N. Wales. 

116. - Paisberg, Sweden. 

117. Pyrolusite, unknown. 

118. Manganite, unknown. 

119. The same, 25 grams used. 

120. Franklinite, unknown. 

With the single exception of No. 120, which contains no silver, all 
the above contain sodium, potassium, silver, copper, calcium, iron, and 
manganese. 

' Rubidium is found in Nos. 110, 111, 113, 114, and 117, in variable 
proportions. 

Gallium is contained in Nos. 112, 113, 117, and 119. 

Thallium is contained in Nos. 111, 117, 118, 119. 

Nickel occurs in Nos, 110, 112, 114, 115, and 120. 

Lead occurs in Nos. 109, 116, 119. 

Strontium is found in Nos, 113, 114, 118, 119. 

Barium in Nos. 113 and 119, and 

Cobalt in No. 119. 

Indium is found in No, 109. 
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Zine Blendes. 


Specimen. Description and Locality. 

121. “Gallium” Blende, Pierrefitte, Hautes-Pyrénées. 

122. Blende from the Liiderich Mine, Adit Franziska, Bensburg, 
near Cologne. 

123. Yellow, clear, transparent Blende, Santander, Spain. 

124. Cadmiferous Blende, Alston Moor, Cumberland. 

125. Blende, with pyrites, &c., from Silver Mines, Co. Tipperary, 
Treland. 

126. Blende, Zellerfeld, Saxony. 

127. »  Schemnitz, Hungary. 

128. Blende with Iron Spar, Matlock, Derbyshire, 

129.  ,, locality unknown. 

130. “Silver” Blende, Co. Tipperary. 

131. Blende, La Cabada Mine, Rio Tuerto, Spain. 

132. Ferruginous Blende, Laxey, Isle of Man. 

133. Blende, Freiberg, Saxony. 

134. Auriferous Blende, Ravenswood, Queensland, Australia. 

These minerals without excéption contain traces of sodium and 
potassium, with very variable proportions of silver, copper, zinc, and 
iron. 

Gallium is contained in all, excepting Nos. 133 and 134. 

Lead is contained in all, excepting No. 131. 

Calcium occurs in Nos, 121—124, 126, 128—131, 134, but in traces 
only. 

Cadmium was found in Nos. 121—124, 126, 128, and 129, in vari- 
able proportions. 

Indium is contained in Nos. 123—126, 129, 130, and 132—134, in 
very variable proportions. 

Thallium is contained in Nos. 124, 125, 128, 130. 

Nickel occurs in Nos. 125 and 131. 

Chromium, in No. 125. 

Three of the above minerals are of an interesting composition, No. 
124, the blende from Alston Moor, contains a large proportion of 
indium, gallium, and thallium, and much silver. 

No. 125, the blende from Silver Mines, also contains indium, 
gallium, and thallium, but in smaller proportions than in the preced- 
ing specimen. 

Professor J. P. O’Reilly separated the thallium from this mineral in 
the course of an analysis some years ago, and at the same time 
extracted a small quantity of an oxide, which, on examination, I found 
to contain indium. 

The auriferous blende from Queensland (No. 134) was kindly 


HARTLEY AND RAMAGE: COMMON ORES AND MINERALS. 541 


furnished by Mr. J. Holms Pollok, B.Sc., Demonstrator of Assaying, 
Royal College of Science, Dublin ; it is almost as rich in indium as the 
blende from Freiberg. 


Nickel and Cobalt. 
Ores and Compounds. 


Specimen. Description and Locality. 

135. Nickeliferous pyrites, Norway. 

136. Nickel sulphide. 

137. Nickel silicate, New Caledonia. 

138. Manganiferous cobalt ore, New Caledonia. 

139, Arsenical nickel and cobalt ore, Doschau, Hungary. 

140. Cobalt ore, black oxide, Spain. 

141. Nickel speiss. 

142. Kupfernickel ; locality unknown. 

143. Smaltine. 

These contain traces of potassium, with variable proportions of 
sodium, copper, calcium, iron, nickel, and manganese. 

In addition, the. following metals have been found : 

Lead, in Nos. 135, 136, 139, 141—143. 

Silver, in Nos. 141, 142, 143. 

Cobalt, in Nos. 138—140, which are cobalt ores, and also in Nos. 
141—143, 

Chromium, in Nos. 137—140, 

Barium and strontium were found in the kupfernickel. 


Tin Ores. 


Specimen. Description and Locality. 

144. Cassiterite, locality unknown. 

145, m Camborne, Cornwall. 

146. Tinstone, Ehrenfriedersdorf, Saxony. 

147, - St. Agnes, Cornwall. 

148. Stannite, locality unknown. 

These minerals all contain traces of sodium, with variable propor- 
tions of indium, iron, and tin. 

With the exception of No. 147, they contain traces of potassium, 
but this specimen is of remarkable purity. 

Silver is found in Nos. 146 and 148. 

Copper 7” bee 145, 146, and 148. 

Calcium - ~ 145, 146, and 148, 

Manganese ,, 145 and 148. 

Lead 144, 145, and 148, 
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Galenas. 


Specimen. Description and Locality. 


149. 
150. 
151. 
152. 
153. 
154. 
155. 
156. 


Galena, Egham, Derbyshire. 
Derbyshire. 
Johanngeorgenstadt, Saxony. 
Freiberg, Saxony. 
Ratiborcitz, Bohemia. 
Schemnitz, Selmeczbamya, Hungary. 
Gersdorf. 
Nertschinsk, Siberia. 


These contain traces only of potassium and sodium, with variable 
proportions of copper, silver, iron, and lead. 

Calcium, in traces, occurs in Nos. 149, 150, 156. Manganese is 
found in Nos. 151—154. 


Pyrites. 


Specimen. Description and Locality. 


157. 


158. 
159. 
160. 
161. 
162. 
163. 
164. 
165. 
166. 
167. 
168. 
169. 


Iron pyrites, Wheal Lane, Cornwall. 
Marcasite, radiated, Dover. 
Iron pyrites, Esna, Norway. 
Pyrrhotite, Rom, Smalleneul, Norway. 
‘o Anréen, Bamle, Norway. 
Pyrites, Staffordshire. 
Roschau. 
Freiberg, Saxony. 
Schemnitz, Selmeczbamya, Hungary. 
Isle of Elba. 
Goslar, Harz. 
»  Joachimsthal, Bohemia. 
Chalcopyrite, locality unknown. 


Without exception, these minerals contain sodium, potassium, silver, 


copper, 


calcium, and iron. 


The alkali metals are in traces only, the others in variable propor- 


tions. 


Gallium is contained in No. 159. 

Indium is contained in Nos. 157, 159, 161, 164, and 169. 

Thallium occurs in Nos. 157, 158, 162, 167, and 169. 

The Staffordshire pyrites, No. 162, is rich in thallium. 

Nickel is found in Nos. 158, 160—162, and 169. 

Manganese is found in all these specimens (traces), except in Nos. 164, 
168, and 169. 

Lead, in all but Nos. 158 and 160. 


It will be well to refer here, to what is known of the chemical origin 
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of clays and ferruginous and aluminous minerals forming beds or lodes 
of ore. In the first place, one of the chief products of the decomposi- 
tion of different felspars, such as orthoclase, oligoclase, and albite, is 
kaolin. This and other simple aluminium silicates are found to contain 
small quantities of more powerfully basic oxides, which no doubt are 
derived from the complex silicates from which they originated. (Hle- 
ments of Chemical Geology. Gustav Bischof, Ph.D. Translated by 
B. H. Paul, Ph.D. Printed for the Cavendish Society, London, 1859. 
Vol. 2, pp. 125—195.) 

Granite and other crystalline quartzose rocks are essentially con- 
verted into clay and quartz (vol. 3, p. 432). Felspar is decomposed 
by ferrous and calcic carbonates in presence of water (vol. 2, pp. 
184—185). Hence the formation of clay-ironstone may be readily 
understood, for iron and manganese are present as carbonates in beds 
of such ores. That some of these are oceanic deposits, is shown by the 
shells they contain, and this is the case with the Cleveland ores. 

It is certain that the oxides, carbonates, &c., of iron and manganese 
in lodes have originated from the silicates of these metals in the 
adjoining rocks. Furthermore, oxide of iron in all instances is the 
product of the decomposition of ferruginous minerals, and, since 
almost all minerals constituting rocks contain some iron, it may have 
come from the most diverse sources (vol. 3, p. 530). 

Magnetic Iron Ores.—The analyses of thirteen magnetic iron ores 
quoted by Bischof (vol. 2, p. 503) give no indication of the substances 
present in minute proportions which we have found therein. Man- 
ganese is present in but two specimens, and titanic acid in two others 
from the Rhine. Bischof adduces evidence of the formation of Fe,0, 
by the action of water, without casting any doubt on the view that it 
may also be produced by fire. 

Manganese ores appear to have been derived from manganese spar 
by oxidation, and manganese spar appears to have been formed by 
displacement of calcium carbonate by a solution of manganese car- 
bonate in aqueous carbonic acid (vol. 3, p. 508). The alkalies, alka- 
line earths, and alumina occur in combination with manganic oxide in 
manganese ores (vol. 3, p. 530). It will be seen that we have found 
some other bases to be commonly present, not only in manganese ores, 
but associated with manganese in some iron ores, as, for example, in 
indium, 

Sulphides.—Galena, blende, and pyrites of natural origin all de- 
crepitate when heated, owing to the presence of water, whereas the 
artificial sulphides of the same elements do not. By slow precipitation 
from aqueous solutions, it has been shown that compounds similar to 
these minerals may be produced. There is sufficient evidence to make 
it almost certain that pyrites had invariably an aqueous origin. 
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Blende and galena were probably produced, if not by similar chemical 
changes, at least under similar conditions. 


Summary and Conclusions. 
Of Iron Ores. 


1. Silver very commonly occurs in almost all iron ores and abundant 
minerals which are definite compounds of iron, such as magnetites and 
hematites. 

2. Copper is always found in iron ores and the natural compounds 
of iron. Careful examination of the evidence indicates that the 
silver occurs independently of the copper, and not as an impurity ina 
cupreous mineral which happens to be associated with the iron. The 
copper in hematites varies with the manganese, and in most specimens 
with the potassium also. 

3. Rubidium along with potassium is of frequent occurrence in iron 
ores, although the lines in the spectrum of this element are often 
obscured by the adjacent lines of iron. When this was the case, the 
fact has been indicated by a note of interrogation. 

4. Lead is of less frequent occurrence than either silver or copper, 
which is a proof that the silver is not necessarily associated with lead, 
as it is, for instance, in galena, but that, on the contrary, its presence 
is independent of that element. 

5. Gallium has been found in thirty-five out of ninety-one iron ores, 
its presence is particularly to be remarked in all magnetites, and the 
frequency of its occurrence in clay ironstone and black-band ore 
points to the conclusion that its presence is not merely accidental or a 
matter of chance. 

6. The almost invariable occurrence of manganese in association 
with iron merely confirms what is commonly known from the results 
of ordinary analytical methods. 

7. The absence of gallium, with a single exception, and the pre- 
sence of indium in all the siderites examined, is a remarkable feature 
of these minerals. They all contain much manganese, with which 
element the indium is associated. 

8. The exceptionally high degree of purity of anhydrous hematites 
from Saxony, Elba, Canada, Sweden, Cumberland, and the United 
States, particularly those of the variety known as glance, is estab- 
lished. They contain merely traces of potash and soda, and traces of 
silver and copper; they are either free from manganese or contain 
traces only. Specimens of magnetite and hematites from the same 
locality, namely, Darlkarlsberg in Sweden, show that differences in 
composition of minerals belonging to different classes are probably, as 
they appear to be, generic, since this magnetite does not differ from 
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other magnetites in containing a notable quantity of gallium. The 
hematite which is of the variety known as specular iron ore does not 
contain a trace of this element, and is of that high degree of purity 
which characterises iron glance. 

9, The association of nickel with iron and the occasional, but less 
frequent, presence of chromium in iron ores, shows that the metals 
iron and chromium are not closely related to each other. 


Of Aluminous Minerals. 


The constant association of gallium with aluminium and chromium 
in aluminous iron ores, its invariable occurrence in bauxites and in 
kaolin, its presence also in a decomposed quartzite, is a fact of much 
significance which may account for the presence of this element in clay 
ironstones and black-band. ores, as a residue of decomposed felspars, 
which have passed into the condition of clay. 


Of Manganese Ores. 


In the natural oxides of manganese, potassium, rubidium, silver, and 
copper are usually, though not invariably present. Gallium, indium 
and thallium occur occasionally. In this connection, it is interesting 
to observe that indium is associated with manganese in siderites. 


Of Zine Blendes. 


The different constituents of blendes are somewhat varied and nu- 
merous. In almost all blendes there is silver, copper, and lead. With 
the exceptions of the auriferous blende containing indium and the blende 
from Freiberg, gallium has been found in all the blendes examined by 
us. A notable example is that from Alston Moor in Cumberland, 
which is moderately rich in gallium, indium, and thallium, and that 
from Rio Tuerto, Spain, very rich in gallium. 


Indium is frequently, and thallium occasionally, present in zine 
blendes. 


Of Nickel and Cobalt Ores. 


Copper and manganese are invariably present, but silver is absent 
except in the cases of kupfernickel and smaltine. 


Tin Ores. 


These all contain indium, but are otherwise minerals of rather 
exceptional purity. 


Galena. 


These minerals all contain copper and silver, in some cases with 
traces of iron and manganese. Asa rule, only traces of the alkali 
metals are met with. 
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Pyrites. 


Of thirteen specimens of pyrites from different localities, the following 
are the most interesting : 

(157). Iron pyrites, from Cornwall, contains much indium anda 
trace of thallium. (158). Marcasite, from Dover, contains thallium 
and nickel. (159). Pyrites, from Esna, in Norway, contains both 
gallium and indium in quantity. (160). Magnetic pyrites, from 
Norway, contains much nickel. (162). Pyrites, from Staffordshire, is 
strong in copper and thallium. (169). Chalcopyrite, from what is at 
present an unknown locality, contains indium and a trace of thallium. 
(164). Pyrites, from Freiberg, in Saxony, also contains indium. 

Whilst it was well known that thallium is found almost exclusively 
in pyrites, it has not hitherto been shown that indium may be obtained 
therefrom. 

Copper, silver, and lead are very frequently associated in these 
minerals, the two former being invariably present. Sodium, potassium, 
and calcium are also constantly found therein, but only in traces, 
Gallium, indium, thallium, nickel, silver, lead, and copper all give 
strong lines in samples from different localities. 

The mixture of several elements in pyrites is evidently connected 
with the natural origin or formation of that substance ; the same may 
be said of blende. 

From the foregoing established facts it appears: First, that certain 
groups of ores and minerals are pervaded by small quantities of the 
same metals as common impurities. Secondly, that the rare metals 
more particularly rubidium, gallium,indium, and thallium, are associated 
with the same groups of minerals and also with allied groups. 

It is easy to trace the association of similarly constituted compounds 
to their connection with elements related to each other as determined 
by the periodic system of classification. The fact that they are 
associated may be explained by these compounds having certain 
chemical properties in common, distinctive of the groups of elements 
and compounds to which they belong. Hence, in a given course of 
chemical changes such as take place in the accurate analysis of minerals, 
similar compounds are formed and thrown together by precipitation or 
otherwise, and it leads to the same result, and, so far, it is immaterial 
whether these are the effects of laboratory operations or of those pro- 
found changes which are operating in nature. We have recently, in 
the examination of orthoclase, separated a basic aluminium sulphate 
from it, in which we have found gallium. Felspars are, therefore, 
probably the original source of the aluminous and ferruginous minerals 
which contain gallium, and the occurrence therewith of rubidium and 
potassium favours this conclusion, 
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The very widely diffused elements silver and copper have been found 
in those ores and minerals of aqueous origin, and chiefly in such as 
have been formed out of marine deposits. It is therefore not at all 
improbable that these metals have been deposited from such a dilute 
saline solution as would be produced by sea-water, by the action of 
some precipitating agent on the metallic bases contained therein. 

Finally, we desire to express our thanks to Prof. J. P. O’Reilly for 
the material he has afforded us, and to Prof. Grenville A. J. Cole, for 
some samples from the mineral collection in the Science and Art 
Museum, Dublin. Also to Mr. J. Holmes Pollok, B.Sc., for a very 
uncommon blende. The large number of iron ores is contained in the 
metallurgical collection of the Royal College of Science, Dublin. 


LIV.—On the Spectrographic Analysis of some Com- 
mercial samples of Metals, of Chemical Preparations, 
and Minerals from the Stassfurth Potash Beds. 


By Water Noret Hartiry, F.R.S8., and Hue Ramacgg, F.I.C., 
A.R.C.Sci.I. Royal College of Science, Dublin. 


As already published (Proc. Roy. Soc., 1896, '70, p. 393, and Trans., 
this vol., p. 281), we have found gallium to be a common constituent of 
many iron ores, and have separated it from blast furnace metal 
smelted at Middlesbrough. Lately, we have been led to examine the 
steel obtained from the same metal by the basic Bessemer process, 
and rolled into rails. Considering that alumina in a very high degree 
of purity is prepared from Irish bauxite and reduced to aluminium in 
the electric furnace, we have carefully examined samples kindly sup- 
plied usby the British Aluminium Company, Limited, of (1) pure alumina 
from the company’s works at Larne, Co. Antrim (the process of pre- 
paration has been described by Mr. James Sutherland, Zngineering, 
62, p. 291); (2) the residual ferric oxide, or “red mud,” and (3) 
commercially pure aluminium, containing about 99°75 per cent, of the 
metal, 

Alumina and Aluminium.—In 1, the pure alumina, we found sodium, 
potassium, copper, gallium, iron, lead, and traces of indium. In 2, the 
“red mud,” sodium, potassium, calcium, copper, silver, gallium, iron, 
nickel, chromium, and lead. No. 3, the metallic aluminium, contained 
sodium, potassium, calcium, copper, silver, gallium, iron, manganese, 
lead, and traces of indium. 

It will thus be seen that a trace of iron, and some of the silver, 
copper and gallium, pass from the bauxite, which is obtained from 
mines at Glenravel, Co. Antrim, into the very carefully prepared 
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alumina manufactured at Larne, and finally makes its appearance in 
the aluminium reduced at Foyers, Inverness-shire. 

The following remarks may be aptly made in connection with the 
results obtained. First, the aluminium is not stated to be present, 
because it gives a spectrum in the oxyhydrogen flame only under cer- 
tain conditions which are not always under control, and as the alumi- 
nium was known to be the chief constituent of the majority of the 
substances, it was not necessary always to state it as such. Silica and 
titanic acid are not recognised by this method of examination. 

Secondly, all the results were obtained in exactly the same way from 
a weighed quantity of each substance. 

Thirdly, the alkali metals, calcium, iron, and copper, are not sub- 
stances accidentally present in the flame, since we have made a variety 
of experiments at different times, and have no difficulty whatever in 
obtaining spectra free from iron and copper. We have no greater 
difficulty in obtaining spectra free from potassium and calcium lines 
and with those of sodium so reduced as to be nothing more than a 
mere suggestion of the element being in the flame. 

It will thus be understood that every element mentioned is actually 
a constituent of the metal or compound examined. It is of importance 
that this should be noted. 

Railway Metal.—We made an examination of drillings from steel 
rails from the North Eastern Steel Co.’s works at Middlesbrough. 
They contained sodium, potassium, calcium, copper, silver (a trace), 
gallium, manganese, and lead (a trace). 

It is interesting to note that steel rails may contain small quanti- 
ties of metal not hitherto suspected of being alloyed in commercial 
iron of such purity, as, for instance, copper, silver, gallium, and lead. 
Nickel and chromium, although contained in the crude, or “ mixer 
metal,” from the blast furnaces, are present in more minute propor- 
tions in the steel made by the basic Bessemer process. 

The systematic examination of railway metal by such an analytical 
method as this would prove of much interest, and might become of 
actual practical importance. 

Salts of Aluminium.—In endeavouring to trace the passage of the 
rarer metals from aluminous ores into various commercial salts of 
alumina, we made experiments on various laboratory samples of alum 
and crude alumino-ferric cake. 

These we will describe as follows : 

1. Ammonium alum, crystals. 5. Granulated alum. 

2. Potassium alum, crystals. 6. Turkey red alum. 

3. Ground alum. 7. Alumino-ferric cake. 

4, Ordinary lump alum. 

No. 1, the ammonia alum, contained sodium, potassium, a trace of 
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calcium, copper, gallium, thallium, and a trace of iron. No. 2, the 
potassium alum, contained, in addition to the metals known to be pre- 
sent, rubidium, thallium, a trace of iron, and nickel. 

In each of the samples numbered 3, 4, 5, and 6, the following four 
metals were detected: Sodium, rubidium, calcium, and thallium. 

The rubidium lines were strong in the Turkey red alum. 

No. 7, the alumino-ferric, contained sodium, calcium, copper, gallium, 
thallium, iron, nickel, a trace of manganese, chromium, and lead. 

We considered that it was desirable that larger quantities of some of 
these salts should be operated upon, and the gallium separated by the 
method described by Lecoq de Boisbaudran, which consists in precipi- 
tating it as ferrocyanide by the addition of potassium ferrocyanide 
to a very strongly acidified solution of the salt made by adding three 
times its volume of concentrated hydrochloric acid to the aqueous 
solution. The purity of the ferrocyanide was first proved before being 
used for this test. 

Fifty grams of each of the samples Nos. 1, 2, 5,‘and 6 were tested. 

The ferrocyanide precipitates were collected on filters of ashless 
paper and burnt. 

The precipitate from No. 1 yielded silver, nickel, and a trace of man- 
ganese, in addition to the metals previously observed in this salt, but 
without the thallium, which was thus seen not to be carried down. 

The other samples, which are potassium alums, all yielded precipitates 
containing sodium, rubidium, calcium, copper, gallium, thallium, and 
cesium. 

Ten grams of the alumino-ferric, treated in like manner, yielded, in 
addition to the above-mentioned metals, nickel, a trace of manganes 
and lead. 

It will be noticed that rubidium, cesium, gallium, thallium, copper, 
nickel, and silver are all thrown down by potassium ferrocyanide when 
itis added to a strongly acidified solution. Whilst the gallium comes 
from the aluminous ore, bauxite, the thallium comes from the sulphuric 
acid. We have detected it in the pyrites used, and with it a trace of 
indium. 

Rubidium and cesium, it was conjectured, had been introduced with 
potash salt, and it was considered desirable to examine, not only the 
sources of potash, but also other minerals obtained from the Stassfurth 
potash beds. The results gave an emphatic negative to this supposition. 


The Stassfurth Minerals. 


The following were examined : 
Kainite, MgSO,,KCl + 3H,0. 
VOL, LXXI, 
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Tachydrite, CaCl,,2MgCl, + 12H,0. 

Sylvine, KCl. 

Kieserite, MgSO, + H,0. 

Stassfurthite, MgCl,,6MgB,0,,B,0,. 

Epsomite, MgSO, + 7H,0. 

Rock salt. 

Every specimen contained both sodium and potassium, but neither 
rubidium nor cesium, AJ] but Stassfurthite contain calcium, all but 
sylvine and rock salt contain magnesium also. Iron is a constituent 
of all. Strontium and a trace of manganese are found in tachydrite ; 
strontium and a trace of nickel in epsomite ; boric oxide bands were 
very strong in the Stassfurthite spectrum, which also showed a trace 
of copper to be present. 

We have no doubt whatever now, that the rubidium and cesium 
come from the bauxite, whether Irish or French, and fiom shale, in 
which we have also found these elements associated with potassium 
and lithium. This fact is remarkable. 

The shale used in the manufacture of the alums is the richest 
mineral in gallium, sodium, potassium, and rubidium, and poorest in 
nickel and silver. Specimens of Irish bauxite and shale have been 
found to be equally rich in copper, and French bauxite richest in 
lithium and silver. 

To trace the cesium satisfactorily, it would be necessary to work 
on larger quantities of material and separate, at least partially, the 
other alkali metals, because the continuous spectrum given by these 
when present in large proportion masks the weaker lines of other 


elements. 


LV.—The Atomic Weight of Carbon. 
By AtexanpER Scort, M.A., D.Sc. 


Wituin the last few years many atomic weights have been care- 
fully revised, with the result that, in several cases, values differing 
notably from the old ones have had to be substituted fcr them. The 
discovery of unsuspected sources of error and their careful elimination 
have, asa rule, entitled the more recent values to greater confidence, 
especially as a greater variety of reactions have usually been utilised 
to supply the necessary experimental data. Weseem now to have it 
clearly established that the atomic weights of hydrogen and oxygen 
are to one another as 1: 15°87 or 15°88, instead of 1:15°96, a ratio 
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considered as above suspicion for so many years. Did it not rest on 
the laborious and classical researches of Dumas on the composition of 
water, and of Regnault on the densities of the gases? Contrary to 
general expectation, the result of all recent work has been to lower, 
and not to raise, the number for oxygen. We see, therefore, how 
necessary it is for us to regard with distrust and suspicion all such 
constants as are in everyday use, and only to rest satisfied when no 
stone has been left unturned as to their verification, and no apparent 
discrepancy in analytical numbers remains unexplained. 

Now, if one element is supposed to have its atomic weight with 
respect to that of oxygen known with the greatest degree of accuracy, 
that element is carbon. (It is not proposed here to discuss the question 
of whether it is to be 6 or a multiple of 6.) Clarke gives it as 120011, 
L. Meyer and Seubert as 12°0032, and Ostwald as 12-003, if oxygen be 
taken as 16. This ratio, again, was based mainly on the experiments 
of Dumas and Stas (Ann. Chim. Phys., 1841 [iii] 1, 1), and of Erdmann 
and Marchand (J. pr. Chem., 1841, 23, 159), on the combustion of 
graphite and of the diamond, and was powerfully supported by Stas’ 
experiments (Bull. Acad. Brumwelles, 16, 1) on the oxidation of carbon 
monoxide to the dioxide, the last method involving, in addition, a 
severe test of the “law of multiple proportions.” It does not follow, 
however, that a common source of error may not infect all these 
determinations. That such a source of error exists, and that it affects 
the two methods above alluded to in a contrary sense, will, I trust, be 
made perfectly clear by what follows. In the course of an investiga- 
tion, which has been carried on intermittently as occasion permitted 
for several years past, and having for its aim the determination of 
the atomic weight of barium by a method entirely different from that 
employed by Richards (Proc. Amer. Acad., 28, 1, and 29, 55), certain 
points cropped up which led me to doubt the accuracy of the accepted 
atomic weight of carbon. The method proposed was to burn a known 
weight of dry barium oxalate so that pure barium carbonate was left, 
the carbon monoxide evolved being converted into the dioxide and 
weighed. On doubling the last weight and subtracting it from the 
original weight of the oxalate, we get the ratio Ba: 200,. The method 
involves as well several subsidiary ratios and means of checking them 
as CO: CO,, d&c., suffice it to say that all these ratios did not agree as 
exactly as one had a right to expect, and the reason for this had to be 
sought. In determining the change of volume of the potash solution 
brought about when it absorbed carbon dioxide, at least one source of 
error was detected which affects all determinations involving the 
estimation of carbon dioxide by weighing it after absorption in potash 
or soda solutions. In considering the relative value to be assigned to 
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the determinations of the atomic weight of carbon, the majority of 
chemists who are interested in the exact determination of atomic 
weights have been inclined to assign the first place to the later paper 
of Stas, not only because of its being a later paper, but because of the 
scale on which he worked (he obtained 67 grams of carbon dioxide in 
one experiment), because of the theoretical beauty and simplicity 
of the method, and because it was carried out by Stas himself with such 
masterly skill, both as regards manipulation and the elimination of 
sources of error. 

As to the somewhat considerable correction for the change of volume 
of the potash solution produced by the absorption of carbon dioxide 
and the reason of its having been neglected, I here quote the words of 
Dumas and Stas :— 

“‘ En tenant compte dans la pesée du diamant du poids de I’air qu’il 
déplace et dans celle de l’acide carbonique condensé de |’air qu’il deplace 
aussi ces rapports ne sont pas altérés.”—(Compt. rend., 1840, 11, 1006.) 

Also, in more detail :— 

‘¢] gramme de diamant déplace 0°3 cent. cub. d’air représentant 0°4 
milligramme. D’oti il suit que 1 gramme de diamant pesé dans l’air 
en représente sensiblement 1:0004. 

‘“‘ D’autre part, 59°361 de potasse liquide d’une densité de 1°4691 
ayant été employés 4 absorber de l’acide carbonique pur sont devenus 
65°408 en prenant une densité égalea 15831. En réduisant ces poids 
au vide, on trouve que : 

c.c. 


59°361 deviennent 59°411 dont la densite 1°4691 donne le volume 40°44 
65°408 65°458 1°583 41°35 


“ On a, en retranchant les premiers nombres des seconds, 


6'047 le poids de l’acide carbonique, et son volume 0°91. 


“Tl résulte de cette expérience qui pourra servir dans quelques 
analyses organiques délicates, que 1 gramme d’acide carbonique condensé 
par la potasse y occupe un volume égal a 0°15 cent. cub. 

“Comme 1 gramme de diamant fournit 3°666 d’acide carbonique 
celui-ci doit done occuper un volume égal 4 0°55 cent. cub. d’air qui 
pésent 0°7 milligrammes, 

“D’ou il suit que les corrections 4 faire pour l’air déplacé par le 
diamant et l’acide carbonique qu'il forme se confondent avec les 
incertitudes des pesées dans les circonstances oll nous avons opéré. II 
efit fallu briler dix fois plus de diamant pour que nos balances pussent 
accuser sans incertitude ces petites quantités—(Ann. Chim. Phys., 
1841 [iii], 1, 37). 

The above clearly shows that the authors were fully alive to the fact 


SCOTT: THE ATOMIC WEIGHT OF CARBON. 553 


that a possible source of error might arise from a neglect of this correc- 
tion, and by some inexplicable experimental error they were led to con- 
sider that the correction might be neglected without influencing the 
result in the combustion of the diamond. From this conclusion, erroneous 
in itself, it has been neglected, not only in the combustions of graphite 
and of sugar charcoal—in which cases it is undoubtedly less than for the 
diamond, as may be seen in the table given below, but alsoin the com- 
bustion of carbon monoxide, where it comes to be more serious and 
raises instead of lowers the final number. 

As to the true correction to be applied, I have determined it for 
several different strengths of potash and soda solutions, both by directly 
measuring the expansion in calibrated tubes, as well as by the method 
adopted by Dumas and Stas. Here I will only give two determinations 
by the latter method. 

37°80 grams of potash solution of a density 1'242 became 41°37 of 
density 1:279 after absorption of carbon dioxide. 


37°80 
1°242 
41°37 
1279 = 32°34 c.c. = volume after. 

3°57 grams of carbon dioxide therefore produced an increment in the 
volume of 1°91 c.c., or 0°535 c.c. for 1 gram of carbon dioxide. 

This was the strength employed in my barium experiments. 

In an experiment with the same strength of potash as that employed 
by Dumas and Stas, and with as nearly as possible the same quantities 
of solution and of carbon dioxide (to try and discover the origin of their 
error), I found 59°4144 grams of potash solution of a density 1:4673 
became 65°5158 having a density 1:'4922 after passing in carbon 
dioxide ; 

59°4144 65°5158 
ee 1-4922 


whence we see that 6104 grams of carbon dioxide have increased the 
volume by 3°413 cubic centimetres (and not 0°91 as Dumas and Stas 
found). The increment in volume for 1 gram of carbon dioxide is 
then 0°5595 c.c. (instead of 0°15). 

Again, if we take the ordinary tables of densities and the correspond- 
ing strengths of solutions of potassium hydroxide and carbonate, we 
may deduce the necessary expansion. Thus, for a solution containing 
40 per cent. of KHO, this expansion should be 0°568 c.c. per gram of 
carbon dioxide assuming the hydroxide to be exactly neutralised. 

The expansion produced varies with the strength of the potash solu- 


= 30°43 c.c. = volume before. 


= 43-905 c.c., 
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tion, being greater the stronger the initial solution is, -hence the 
expansion is greater at the beginning than at the end of an experiment. 
I hope very shortly to bring before the Society many interesting points 
in connection with this, and on some curious differences between the 
various alkalis. 

I next propose to review our knowledge of the atomic weight of 
carbon, and to calculate the difference produced by the introduction of 
the correction shown above to be necessary. 

As the quantities of graphite and diamond employed are very small, 
any correction which would arise from the weights being some of brass 
and some of platinum could only be very small indeed (the correction 
for 1 gram of brass being 0°14 and of platinum only 0°06 milligram), 
assuming the weights to be correct among themselves. As to what 
weights were actually employed, we have no data. The paper by Dumas 
and Stas is, I am sorry to say, full of arithmetical blunders* to an 
amazing extent, and this fact was discovered by Erdmann and Marchand, 
whose work is much more accurate in this respect. I have very care- 
fully recalculated their results both by ordinary arithmetical methods 
as well as by logarithms, and the following table shows the results of 
this recalculation. In making the correction for the absorbed carbon 
dioxide, I have taken the value 0°57 c.c. as the expansion produced by 
each gram of carbon dioxide absorbed, and 1°2 milligrams as the weight 
of ac.c. of ordinary air. This gives, then, 0°684 milligram for each 
gram of carbon dioxide, which comes to a considerable amount when we 
take, say, one experiment with carbon monoxide in which 67 grams of 
carbon dioxide were absorbed; in this case, the correction necessary 
amounts to 45'8 milligrams. 


The density of the diamond has been taken as 3°5 
” - graphite . - 2°25 
” ” sugar charcoal ” 1°83 


the correction for the air displaced being, for one gram of each solid 
respectively 0°34, 0°53, and 0°66 milligram. 

In Table I, the weights of carbon and of carbon dioxide as given by 
Dumas and Stas are followed on the next line by these numbers cor- 
rected to vacuum standard. 


* J. D. van der Plaats has also called attention to the astonishing number of 
errors in the calculations of Stas. (Ann. Chim. Phys., 1886, [vi], 7, 500.) 
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Table I. 


As given by 


Graphite. | dioxide. ee a 


Natural | Carbon | Atomic weights. | | Correction. 
Stas. | 


Marchand. 


| | O=16 O=100 


11-9805=74" 878 74°91 74°88 
| 119776 

| 12-9970 =74'98 75°04 74°98 
| 11°9940 
| 11°9985 =74°9906 

11°9954 
| 11°9918=74°946 

119884 
| 11°9959—74:975 

11:9936 


Artificial 
Graphite. 


| 11°9789=74°868 

| 11°9759 

| 11°988 =74°925 
11985 
12°0045 = 75028 
12°0021 
12°0082=75°051 
12°0058 


2°598 | 11°9873=74°92 . 
2°5998 | 11°9805 0°0068 
3°1675 | 12°0026=75°016 | 

3°1697 11°9969 | 0°0057 
4°465 12°0172=75°1078 | 
4°4680 | 12°0116 | 0°0056 
4°517 12°0012=75'0076 | 

4°5201 11°9952 | 
5°042 11°9989 = 74°9932 
5°0454 | 11°9938 0°0051 


0°0060 


Carbon. 


16192 | 59°3795 | 11'9975 
16°1994 | 59°4201 | 11-9938 
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The experiments of Erdmann and Marchand were carried out in 
practically the same way as those of Dumas and Stas, and their weigh- 
ing appears to have been made with greater exactness. Later ex- 
perimenters on the same lines have been Roscoe (Compt. rend., 1882, 
94, 1180), C. Friedel (Bull. Soc. Chim., 1884, [ii], 41, 100), and Van der 
Plaats (Compt. rend., 1885,100, 52). Their results may be summarised 
in the following way. 


Table II. 


ERDMANN AND MARCHAND. 


Total weight of 
No. of Atomic weight 

Experiments, | - of Carbon. 

Natural graphite burnt. | Carbon dioxide produced. 


in air 16°99085 12°0129 
inavacuum 4°6400 17°00247 12°0105 
Artificial graphite. ; 
in air 6°9355 12°0174 
inavacuum 1°8945 6°94024 . 12°0149 
Diamond. 
in air... 20°62855 12-0036 
inavacuum 5°6291 20°64266 11°9979 
Total carbon. 


in air..... ... 19°1682 44°55490 12°0093 
in a vacuum 12'1636 44°58537 12°0054 


H. E. Roscor. 


23°6114 | 12°0029 
23 °6275 11°9973 


C. FRIEDEL. 


Cape diamonds, 


in air 1°3314 4°8785 12°0112 
inavacuum 1°33185 4°8818 12°0056 
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J. D. VAN DER PLAATS. 


Total weight of 
No. of Atomic weight 

Experiments. of Carbon. 

Natural graphite burnt. | Carbon dioxide produced. 


Natural graphite. 


27°2034 99°7872 12°0014 
in a vacuum 27°2178 99°8054 11°9989 


Charcoal from sugar. 


30°8687 113°1546 12°0044 
in a vacuum 30°8891 113°2320 12°0041 


Charcoal from filter 
paper. 

in air 16°1352 12°0044 

inavacuum 4°4046 16°1462 12°0041 


Total carbon. 


62°4738 229°0270 12°0031 
in a vacuum 62°5115 | 229°1836 12°0018 


| 


If we assign the same value to the results of each experimenter, and 
take the mean of the five values found, we have— 


Uncorrected. Corrected. 

Dumas and Stas .. 11°9975 11°9938 
Erdmann and Marchand 12-0093 12°0054 
Roscoe 12°0029 119973 
12°0112 12-0056 

12-0031 12-0018 


12°0048 12-0008 


Looked at closely, too much weight is attached to Friedel’s experi- 
ments, and probably too little to those of Van der Plaats, but what is 
evident is, that if we confine our attention to the atomic weight of 
carbon as determined by the combustion of carbon, the ratio of the 
atomic weights of oxygen to carbon may be taken as exactly 16:12 
within the limits of experimental error. 

Turning now to the carbon monoxide paper of Stas, it possesses both 
advantages and disadvantages as compared with the more direct method 
just considered, As is well known, in it, gaseous carbon monoxide 
Supposed to contain as an impurity nothing beyond a very small quan- 
tity of nitrogen was passed over heated copper oxide, thereby becoming 
the dioxide, which was, as usual, absorbed in potassium hydroxide solution 
and weighed. The loss in weight of the copper oxide tube gives the 


558 scoTTt: THE ATOMIC WEIGHT OF CARBON. 


oxygen required to convert a quantity of carbon monoxide into a known 
weight of the dioxide, and assuming that the dioxide contains exactly 
twice as much oxygen as the monoxide does, we easily determine the 
ratio of the carbon to the oxygen in carbon dioxide. 

Theoretically, the method is delightfully simple and direct, but, looked 
at froma practical point of view, several serious sources of error present 
themselves for careful consideration and examination experimentally. 
Amongst the more important questions which suggest themselves are 
following. 

1. Is the loss of weight of the copper oxide due solely to oxygen 
imparted to the carbon monoxide } 

2. Does carbon monoxide passing through strong solutions of potas- 
sium hydroxide for some hours not unite to produce a formate to an 
extent sufficient to be sensible to a delicate balance ? 

3. What guarantee is there that the carbon monoxide is free from 
hydrogen and hydrocarbons ! 

4, Were the precautions taken as to weighing the somewhat bulky 
apparatus involved sufficient to eliminate the effects of changes of 
temperature and pressure of the atmosphere ? 

5. Are the corrections to vacuum standard otherwise correct ? 

It will be moreconvenient toconsider questions 4 and 5 first, after what 
has gone before. Itisvery evidentfroma footnote (Joc. cit., p. 16) that Stas 
did not truly appreciate the effects that changes of atmospheric pressure, 
and consequently of the density of the air, must have on the correction 
for the buoyancy of his apparatus. He considered that the temperature 
and hygrometric state of the air in his balance-case were far more 
important factors. He says (p. 17), “Il ne m’a pas paru que les 
variations de pression exergassent une influence appréciable sur le 
poids,”’ 

Now, suppose the barometer to be normal for one weighing and 10 
millimetres different for the next, for every 76 cubic centimetres of 
volume of the apparatus there would be a difference of 1:2 milligram. 
When one takes into account the length of time that one experiment 
would take, and that Stas himself says that his apparatus was somewhat 
bulky (“presente un volume notable ”’) it is evident that there is room 
for improvement in this direction, for example, by employing Regnault’s 
method of counterpoising by another similar apparatus of the same 
volume. So far as can be seen, except for the above objection, the 
amount of oxygen ought to be correctly reduced to weight in a 
vacuum by the method adopted, namely, weighing both the copper 
oxide and the reduced copper in a vacuous tube. 

In the previous part of this paper, I have shown what correction 
must be applied to the carbon dioxide produced. Here there is no 
necessity to take each individual experiment in detail, but it will suffice 
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for the present purpose to apply the correction to the total amount in 
the eight experiments described in the paper. 

All the weighings are given for each tube, and it is quite evident 
that no correction has been applied to reduce the weight of carbon 
dioxide to a vacuum standard. In an appendix to vol. 1 of the recently 
published works of Stas, Professor Spring gives a table to complete and 
correct the original one (which is reproduced on page 305, vol. 1). 
He states “‘ La correction porte surtout sur la reduction au vide du 
poids de l’acide carbonique.” 

This is simply absurd, for in some cases we have no difference what- 
ever between the experimental numbers and those given in the table, 
and, in any case, even taking the expansion as determined by Dumas 
and Stas, the largest correction made is far too small. I freely admit 
that I cannot fathom the method adopted by Stas for making his 
corrections, especially in the case of the values for his weight of oxygen, 
which ought to have been the experimental values exactly. The differ- 
ence between the weights of the copper oxide tube before and after the 
experiments should have exactly represented the oxygen, but there 
was in each experiment a certain amount of water formed which is 
assumed by Stas to have been entirely in the copper oxide as such. 
This amount of water is, in the supplementary table above referred to, 
put in as correction for the oxygen reduction to vacuum standard. 
There are, however, in most of the experiments, further corrections 
for which one can see no reason, but these only amount to a few milli- 
grams at most. Taking, then, the total amounts as given by Stas 
himself for the oxygen and for the carbon dioxide produced, we have 
128°367 grams of oxygen producing 353°050 grams of carbon dioxide. 

This gives 353°050 — 2(128'367)=96°316 as the weight of carbon 
in the carbon dioxide. 

Hence, O, : C : : 256°734 : 96°316 ; : 32 : 12°0051. 

But the displacement correction is (taking the figures given above) 
353 x 0°684 = 241 milligrams, which must be added to the amount of the 
carbon when the atomic weight of carbon becomes 

O,:C :: 256°734 : 96°557 : :32 :: 12-0351. 

Of the necessity for this correction there is, I think, no room for 
doubt. It has raised the atomic weight 0-03. 

It will be most convenient now to consider the first question, as a 
highly probable numerical value may also be assigned to it. Stas 
states distinctly that the copper oxide he used was made by calcining 
the pure nitrate in a porcelain crucible. As is well known, such oxide 
retains most obstinately nitrogen or some of its compounds, which 
nitrogen is given off as gas on reduction. Ina paper on the atomic 
weight of copper, Richards (Proc. Amer. Acad., 26, 284—289) gives a 
series of determinations he made of the amount of gas “ occluded” in 
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various samples of copper oxide with a view to applying a correction 
to the atomic weight of copper as determined by Hampe. In his three 
most carefully conducted experiments, he found 4°94 grams of copper 
oxide gave 4°03 c.c. of gas (nitrogen and oxygen), and the nitrogen 
when calculated as weight corresponded to 0-088 per cent. of the 
weight of the copper oxide used (ibid., p. 289). This referred to the 
oxygen of the copper oxide now becomes 0°437 per cent. Of the 
128°367 grams lost by the copper oxide of Stas, only 127-806 would 
be real oxygen, and 0°561 nitrogen. If we accept these numbers, and 
apply the former correction as well, the atomic weight of carbon 
becomes 12228. 

This result seemed to me to be impossible, so I proceeded to prepare 
several samples of copper oxide, and to test them in much the same 
way as Richards did, namely, by dissolving them in sulphuric acid. 
Two forms of apparatus were used, one, Fig. 1, like that figured in 
Richards’ paper, and Fig. 2, a much more convenient form, which I 


arranged so as to permit of easy transference of the gas for analysis 
over mercury. With my form of apparatus, it was easy to remove all 
mechanically adhering air by boiling, especially under somewhat re- 
duced pressure, which was easily accomplished by causing the steam to 
drive the water into the bulb, ©, until it was full, and then insert into 
it an india-rubber stopper and quickly remove the lamp, when the 
water would continue to boil for a long time under reduced pressure. 
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After expelling all air, the oxide was dissolved by somewhat diluted 
sulphuric acid previously boiled, introducing it by means of the funnel 
and drawing off the corresponding amount of water by the stopcock A, 
or by the india-rubber tube by opening the clip B, and the whole boiled 
again until all gas was expelled from the liquid ; the gas was then 
transferred into a tube over mercury and analysed by means of. potas- 
sium hydroxide, and the subsequent addition of solution of pyrogallol. 
To make quite certain that the great discrepancy between Richards’ 
results and my own could not be explained in any way by the 
method employed in testing, a copy of his apparatus was made as 
closely as could be done, but only the total gas given off in it was 
measured. The following table gives the results of my experiments, 
atid shows the weight of “‘occluded” gas, as well as its composition 
and its volume under normal temperature and pressure. The close 
agreement of the results obtained by both forms of apparatus clearly 
shows that the differences must be due to the oxide itself. 


Table III. 


| Volume of gases 
Percentage weight of | from 10 grams 


Source of eed | (or S pee Method 


oxide. employed. 


, | 00, 


.| Nitrate H,80, | 0-0099 00083 | 0-0018 | 0°79 | 0°26 

Il.| Nitrate » | 070083} 00006} — | 0°26! 0°04 
III. | Sulphate »» | 0°0083|0°0001; — | 0°26 0°01 
IV. | Carbonate »» | 0°0081 0°0323 | 0°24) — 
V. | Metal (foil) 0:0028 00004 | 0-21) — 
VI.| Nitrate 00070 | 00021 | 0°56 

VIL. es 00063 | | 0°0016 | 0°50 | 

VIIL. a | 070069 | 070008 | 0°55 | 
IX. 1“ HCl | 0:0068 0°0006 | 0°54 | 

X.| Nitrate | H,SO, | 0:0075 0-0004 | 0-60} — 


zs ‘a not analysed | total gas 0°60 
XII. = 0°0008 | 0°0U12 | 0°55 | 0°02 | 0°06 
XIII. Commercial , 00004 | 0°0575 | 0°36 | 0°03 | 2°91 
XIV. | Pure comml. | 0° — |0-0030|0-39| — | 0-15 
XV.| Cu wire ‘ — | — _|080| —| — 
IlIa.} Sulphate | not analysed 


S 


| | 


coooooor 
esssoesa 
bd OO OK DO > 


total gas 0-22 | bulbs 


The nitrate employed was prepared by dissolving pure copper foil in 
as small a quantity of nitric acid as possible, evaporating to dryness, 
and heating until a certain amount was decomposed into oxide in the 
porcelain basin employed. The nitrate, sulphate, carbonate, and metal 
were exposed for varying times to a full red heat in a mufile heated by 
gas. Asarule, 10 grams of oxide were used in each experiment ; if any 
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metallic copper remained, due to the decomposition of cuprous oxide 
present, it was subtracted and the necessary correction applied for 10 
grams of CuO dissolved. 

In experiment I, only 4°66 grams were used, the rest of the sample 
having been used up in the first experiments, which were chiefly 
failures from one cause or another, The oxide had been heated for 6 
hours, 

Experiment II, This was the same sample as the last, but heated 
for 5 hours more. 

In Experiments VI—IX, the oxide was from the somewhat more 
decomposed portion of the nitrate in the porcelain basin, being quite 
black. It was heated in the muffle for 2 hours, and that in Experi- 
ments X—XII for another hour. 

In Experiment VII the oxide was put into a test-tube and re- 
peatedly exhausted, pure and dry carbon dioxide being let in after 
each exhaustion. In Experiment VIII, what remained after the 
last experiment was left in a vacuum all one night and carbon 
dioxide let in next morning. 

Experiment [X was made to see if the nitrogen was retained as 
nitride which should give no nitrogen gas as with sulphuric acid, 
but ammonium and cuprous chlorides. 

Experiment X was made like VIII, only the oxide was left 2 days 
in a vacuum, besides being repeatedly exhausted and treated with 
carbon dioxide. 

From the above, I think we may safely assume that there was 
probably present in the oxide of copper employed by Stas not more 
than 0-007 per cent. by weight of nitrogen, which gives an error in the 
128°367 grams of oxygen of 0°045 grams. On applying this correc- 
tion, we get 12°050 as the atomic weight of carbon. The assumption 
has been made that, on reduction, this nitrogen would be set free, as 
seems most probable. If the gas is simply shut in amongst the pores 
of the oxide, it would be almost certainly given off when reduction 
takes place, especially as the whole was exhausted before weighing, 
but it is open to doubt whether any nitride present would be thus 


decomposed. 
Experiment IX seems to indicate that the nitrogen is not present as 


nitride. 

With regard to the second point raised, I think no error can arise 
from this source as the absorption is so very slow at ordinary tempera- 
tures. Experiments have been made to test this with the strength of 
potash solution used by Stas, as well as with soda lime, and with 
negative results so far, even after passing a slow current of carefully 
purified carbon monoxide for many hours. The third point is a much 
more serious one in every way. 
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Tn Stas’ experiments, he obtained quantities of water varying from 
7 to 17 milligrams, This amount cannot reasonably be assumed to 
some entirely from the copper oxide, as he apparently thought it did, 
In Richards’ paper, above referred to, he describes some similar ex- 
periments with carbon monoxide from oxalic acid, and always found 
water produced, which he says (/oc. cit., p. 279) further examination 
showed was due to the presence of either hydrogen or hydrocarbons 
in the carbon monoxide, and he obtained the large amount of 17 milli- 
grams of water by reducing 10 grams of copper oxide, and 4 litres of 
carbon monoxide required to re-reduce it, after re-oxidation of the copper 
produced, gave 19-3 milligrams of water. It is evident that Stas’ 
carbon monoxide did not contain as much hydrogen, since from 
83 litres used in his last experiment he only obtained 16 milligrams 
of water. 

In this reswmé of our knowledge as to the true atomic weight of 
carbon, I have not considered those experiments based on the amount 
of silver left on heating the silver salts of various organic acids as 
carried out by Liebig and Redtenbacher (Annalen, 1841, 38, 137), and 
by Maumené (Ann. Chim. Phys., 1846, [iii], 18, 41), which have been 
criticised elsewhere, with the general result that they are apt to give 
too high results owing to the slight volatility of silver. I think, how- 
ever, I have brought forward sufficient evidence to show that the 


atomic weight of carbon is by no means one of those most accurately 
known, and that a careful revision of it is imperative. 

The question next arises as to the best methods of solving the 
problem. Several, or all, of the following methods might give accu- 
rate results if carried out with our increased knowledge and appli- 


ances, 

The methods of Dumas and Stas ought to be repeated both with 
carbon and carbon monoxide, and the densities of the varieties of 
carbon employed determined with accuracy. 

The combustion of pure hydrocarbons ought to give very valuable 
results, now that we know the exact ratio of hydrogen to oxygen and 
to water. 

The determination of the bromine in such substances as hexa- 
bromethane, ethylene dibromide, monobromacetic acid, and similar 
substances by titration with silver after Stas’ method, might give very 
accurate results ; and, conversely, the determination of the silver in 
salts of organic acids by titration with a bromide ought to give even 
more valuable results. The ignition or combustion of silver salts 
ought also to be tried again with increased precautions, 

By combining the results of experiments on the actual volumes in 
which carbon monoxide and oxygen unite to form carbon dioxide with 
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accurate determinations of the densities of these gases, at least an 
important check would be obtained. 

Again, the various compounds of bases with hydrobromic acid might 
be employed to titrate against silver, as was done by Professor Dewar 
and the author several years ago (Proc. Roy. Soc., 1883, 35, 347). 
The disadvantage of the method, for this purpose, is the fact that the 
atomic weight of nitrogen itself is not too accurately known. 


[ApprEnpix.]—Since writing the above, I prepared a quantity of 
carbon monoxide from oxalic acid by heating with sulphuric acid, and 
to make certain of the freedom from moisture of the copper oxide, 
passed dry air over the red hot copper oxide; 3°6 litres of air gave 
0°3 milligram of water to the drying tube. Four litres of carbon mon- 
oxide, passed through the same purifying and drying apparatus, gave 
1:3 milligrams to the drying tube after oxidation. This agrees,-there- 
fore, practically in amount with what Stas found, but seems to indicate 
the presence of hydrogen or hydrocarbons in carbon monoxide so pre- 
pared.—A. 8. 
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LVI.—A New Series of Mixed Sulphates of the Vitriol 
Group. 


By ALexanpDER Scott, M.A., D.Se. 


THE new series of sulphates described in this paper were discovered 
in the following manner. A sample of copper carbonate was set in 
an examination for candidates to describe the action of heat on it. 
Several asserted that it gave off nitrous fumes (being misled by the 
brown dust of copper oxide carried away by the evolved carbon 
dioxide), and consequently came to the conclusion that the powder 
was copper nitrate. On applying the ordinary ferrous sulphate test 
for nitrates to the solution of the powder in sulphuric acid, no traces 
of nitrate could be detected, and finally the whole was shaken up and 
the test-tube allowed to stand. When next looked at, a deposit of 
fine, reddish-brown crystals was found at the bottom of the test-tube, 
these crystals being soluble in water, and reducing potassium per- 
manganate readily. 

Solutions of copper sulphate and of ferrous sulphate were now 
separately treated with strong sulphuric acid, but neither gave any 
reddish precipitate. On mixing fresh solutions and then adding strong 
sulphuric acid, a brown precipitate was easily obtained. As a general 


MIXED SULPHATES OF THE VITRIOL GROUP. 565 


rule, about equivalent quantities of the two sulphates were dissolved, so 
as to produce an approximately saturated solution in the cold, and about 
an equal volume of pure, strong sulphuric acid added, the precipitate 
rapidly washed two or three times with sulphuric acid diluted with its 
own volume of water, then with absolute alcohol, then with a mixture 
of absolute alcohol and dry ether, and finally with dry ether, and 
dried over strong sulphuric acid in a vacuum. 

The general formula of these salts is (M,N)SO,+H,0, M and N 
being metals of the group which give the sulphates known as vitriols. 

At present, only salts containing two metals have been prepared and 
analysed, and of these the most interesting is that first prepared, 
namely, monhydrated cupric ferrous sulphate (Cu,Fe)SO,+H,O. To 
prepare it, 100 grams of ferrous sulphate, FeSO, +7H,0, 90 grams of 
copper sulphate, CuSO,+5H,O, and 200 c.c. of water were employed ; 
after filtering the solution, 170 c.c. of strong sulphuric acid were added. 
Analysis of the salt showed it to consist of 


Cu. Fe. SO,. H,0 (diff.). 
11°68 22°20 55°75 10°37 per cent. 
1838 3965 5803 5756 atomic proportions. 


This clearly shows the sulphate to be of the form given above, and 
is almost CuSO,,2FeSO0,+3H,O. It is not a mixture of the two salts 
precipitated together, but is homogeneous, each crystal having its own 
yellow-brown colour under the microscope. FeSO,+H,0 is easily pre- 
pared in the above manner, but I have not succeeded in obtaining 
CuSO,+H,O in the same way, all attempts yielding a sulphate with 
more nearly 2H,O, as shown by Thorpe and Watts (Chem. Soc. Journ., 
1880, 37, 104). 

The iron is easily estimated by permanganate solution in the ordi- 
nary way, and is undoubtedly in the ferrous condition. The salt is 
not cuprous ferric sulphate. The crystals have not yet been obtained 
large enough for measurement, but if the precipitate is allowed to 
settle, and the very hot liquid at once poured off, it deposits well 
defined crystals of a yellow-brown colour when it cools. The crystals 
are not hygroscopic in ordinary air, but take up water in a warm 
atmosphere saturated with water. The hydration begins in spots, like 
colonies of bacteria, and this goes on much more readily if the crystals 
are previously finely ground up in a mortar. 

To test the variation in the composition of the salt produced by 
different proportions of the mother substances, the following quantities 
were taken: 200 grams of FeSO,+7H,0, 90 grams of CuSO,+5H,0, 
300 c.c. of water, and 250 c.c. of strong sulphuric acid. The salt pro- 
duced had the following composition. 
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Cu. Fe. S04. H,0. 
8°15 24°89 56°33 10°63 per cent. 
13 45 59 59 atomic proportions. 


It was perhaps a little lighter in colour, but otherwise was much 
like the other above described. 

The next salt with double the original quantity of copper is much 
lighter in colour, and presents some anomalies which require further in- 
vestigation. It undoubtedly contains a yellowish brown salt witha 
small quantity of some white crystals of a different shape, which are 
most probably CuSO,+2H,0. The point, however, which is puzzling 
is that the amount of acid is not sufficient for the bases present. A 
repetition of the analysis confirmed the previous one. The results of 
the analysis are 

Cu. Fe. S0,. - +#,O. 
18-40 16°31 50°34 14:95 per cent. 
29 29 52 83 atomic proportions. 


The attempt to replace the molecule of water by a sulphate of an 
alkali metal or of ammonium was not successful. Ammonium sulphate 
was used, but the only effect of its presence apparently was to give 
larger crystals having a higher colour, and a much diminished yield, 
only 46 grams instead of 79 being obtained. 

The proportions used were: 100 grams of FeSO,+7H,0, 90 grams 
of CuSO,+5H,O, 100 grams of (NH,),SO,, 300 c.c. of water, and 
250 c.c. of sulphuric acid. Analysis showed it to consist of 


Cu. Fe. S0,. H,0. 
14°42 19°89 56°69 9-0 _— per cent. 


23 36 59 50 atomic proportions. 


Here the water is somewhat deficient in quantity. 
The cupric nickel salt was similarly prepared. It had a pale yellowish 


green colour and was apparently quite homogeneous. Analysis showed 
it to consist of 


Cu. Ni. S0,. H,0. 
16:90 17:13 54°87 10°77 per cent. 
27 29 57 60 atomic proportions. 


The cupric zinc salt looked pure white and the crystals seemed to be 
larger than most of the others, but of the same form. It gave on 
analysis : 

Cu. Zn. SO. H,0. 
11°34 25°02 54°72 10°24 per cent. 
18 38 57 57 atomic proportions. 


The cupric magnesium salt has always given somewhat too high a 
quantity of water, as the following analysis shows. 
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Cu. Mg. SO,. H,0. 
19°65 7°40 60:07 12°75 per cent. 


31 30 62 71 atomic proportions. 


It appears to be pure white, and no appearance of its being a mixture 
can be detected. 

The cupric manganese sulphate has a pale buff-yellow tint and was 
well crystallised. It consisted of 


Cu. Mn. SO,. H,0. 
19°81 15°32 55°54 10°03 per cent. 


31 28 58 56 atomic proportions. 


The cupric cobalt sulphate had a fine pink tint, was well crystallised, 
and gave on analysis 


Cu. Co. S04. H,0. 
13°03 22°10 54°18 10 90 per cent. 


20 37 56 59 atomic proportions. 


Ferrous zinc sulphate was, as might have been anticipated, pure 
white, and was well crystallised. It consisted of 


Fe. Zn. SO,. H,0. 
16°87 16°93 55°34 10°65 per cent. 


31 26 57 59 atomic proportions. 


Ferrous manganese sulphate was very like the last, but had the 
faintest pink tint. Analysis showed it to consist of 
Fe. Mn. SO. H,0. 
16°18 16-06 56°33 10°33 per cent. 
29 29 58 57 atomic proportions. 


The ferrous chromous sulphate had a pale yellowish-green tint and 
seemed to be quite homogeneous, but perhaps hardly all the free acid 
had been washed out of it, as it was not as dry a powder as most of the 
others. It was made by using chromous acetate and an equivalent 
amount of sulphuric acid, then the quantity of ferrous sulphate in 
sqlution was added, and finally about an equal bulk of strong sulphuric 
acid. The results of analysis were not satisfactory, as the amount of 
bases found were short of the acid, the ratio of the H,O to the SO, 
was, however, as 56: 57. 

The cobalt nickel salt which was first prepared, using equivalent 
quantities of the two sulphates, had a pretty pink colour, but not so 
rich as the copper cobalt salt above described. Its composition is 


Ni. SO,. H,0. 
14°71 55°34 10°2 per cent. 
25 57 57 atomic proportions. 
Q@Q2 
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Another specimen, using twice the proportion of nickel, was much paler 
in colour, but was still quite pink. It has not yet been analysed. 

The zine chromous sulphate was a purer green than the ferrous 
chromous salt. Both doubtless owe their green tints to a trace of 
adhering chromic salt. On analysis, it gave the following results : 


Zn. Cr. SO,. H,0. 
23°10 11°31 54°60 10°99 per cent. 
35 22 57 61 atomic proportions. 


The simple ferrous salt, prepared from 100 grams of FeSO,+7H,0, 
100 c.c. of water, 90 c.c. of strong sulphuric acid, gave an almost pure 
white salt with only the faintest greenish-yellow tint. On ignition, it 
gave 46°5 per cent. of ferric oxide. FeSO,+H,O should give 47:0 
per cent. 

Several other salts have been prepared, but have not yet been analysed; 
amongst these may be mentioned a cupric beryllium, a chromous zinc, 
and a nickel cadmium sulphate. The atomic weights used in calcu- 
lating all the above were those given by F. W. Clarke in the Journal of 
the American Chemical Society, 1896, 18, 197. 

I have much pleasure in acknowledging my indebtedness to Mr. 
William Arbuckle, Assistant in the Davy Faraday Research Laboratory, 
for much assistance in the preparation and accurate analyses of these 
salts. 
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LVII.—Solution and Pseudo-solution. Part LII. The 
Electrical Convection of certain Dissolved Substances. 


By Harotp Picton and 8. Ernest LINDER. 
Solutions of a Single Substance. 


Some preliminary experiments have already been described in the 
Trans. (1892, 61, p. 114), and although the work was unavoidably 
interrupted, we are now able to continue it ; as, however, its comple- 
tion must take a long time, we have thought it best, before entering 
on a new section, to publish the results we have obtained up to the 
present time. 

It may be well briefly to recall that our work began with some 
qualitative observations on the conductivity of arsenious sulphide solu- 
tion, the various “ grades”’ of which have been described in previous 
parts (Trans., 1892, 61, 148, and 1895, 67, 63). 
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The resistance of such a solution is extremely high, and the current 
passing through it amounted in one case to only 0000007 ampére. 
The conductivity is probably due to the presence of small traces of 
arsenious oxide ; but, however that may be, the passage of this small 
amount of current is accompanied by the repulsion of the colloidal 
sulphide as a whole from the negative electrode. An examination of 
this repulsion of the dissolved substance has now been made with a 
variety of suitable solutions, but at present we have chiefly examined 
coloured solutions, as observations with them are obviously the easiest. 
These include, however, various grades of solution. Some of the 
solutions examined (such as arsenious sulphide (y)*, and colloidal ferric 
hydrate), were too coarse-grained to pass through a porous pot, others 
(as aniline blue and iodine) were readily filterable, and did not contain 
particles large enough to scatter light. With the colloidal solutions 
which reveal a coarse grained structure by the optical test (Tyndall’s ex- 
periment), we have (e.g., arsenious sulphide, ferric hydrate, and silicic 
acid) found it impossible to repel the dissolved substances vertically up- 
wards as completely as downwards. If A is the cathode in the arrange- 
ment shown, the colloid is readily repelled downwards. If now, when it 
has been driven some distance, we reverse the current so that B becomes 
the cathode, the sharply-defined surface of the yellow sulphide begins 
to rise and the sulphide is driven upwards, but it is never repelled 
clear of the electrode B. Presumably, this is due to the action of 
gravity on the large colloidal particles. With a dilute 
higher grade solution, on the other hand, the dissolved A 
substance can be repelled completely from the lower elec- db 
trode. For instance, Magdala red, aniline blue, &c., can 
be repelled in this way. Usually, when a strong solution 
of such dyes is employed, it has not been found possible 
to secure complete repulsion, however the electrodes are 
placed, but only a difference of concentration at the two 
electrodes. With aniline blue, however, complete repul- - 
sion can be obtained, even with strong solutions (2 or 3 B 
per cent.). 

It is noticeable that, when compounds are dissolved in a very per- 
fectly non-conducting. medium, such as carbon bisulphide, no repulsion 
is observed. Thus iodine in solution in a not perfectly non-conducting 
medium is repelled from the negative electrode, whilst, in carbon 
bisulphide, which offers enormous resistance, no repulsion could be 
observed with an E.M.F. up to 210 volts. Similar results were 
obtained with ‘ methyl-violet,” which is repelled from the anode. 
When extremely small currents are concerned, the repulsion seems to 
vary with the strength of the current. Thus, using a mixture of 


, Another grade of arsenious sulphide (8) will pass through a porous pot, and is 
the highest grade solution of this sulphide obtained by us. It still scatters light. 


570 PICTON AND LINDER: ELECTRICAL CONVECTION OF 


carbon bisulphide, amylic alcohol, and ethylic alcohol as a solvent, 
the repulsion of iodine was much slower (the resistance being higher) 
than when (other conditions remaining the same) the solvent was 
ethylic alcohol. It remains to be seen whether the whole of the 
observed current is due to electrolysis, and how far, if at all, the non- 
electrolysed molecules take part in its conveyance. 

The direction of repulsion has hitherto proved to depend on the 
chemical character of the dissolved substance ; this will be seen on 
reference to the table, in which the results of a number of observations 
are collected. Thus, basic ferric hydrate is repelled from the positive 
electrode, whilst acidic arsenious sulphide is repelled from the negative 
electrode ; the element iodine also is similarly repelled from the nega- 
tive electrode. With the dyes mentioned as convenient for observa- 
tion, the case is not so simple; aniline blue, whether as disodium salt 
or as sulphonic acid, was repelled from the negative electrode ; there 
is considerable ground for considering many dyes as hydrolysed in 
solution. Considering the disodium salt of aniline blue as hydrolysed, 
we have in solution sodium hydroxide and the sulphonic acid.* The 
repulsion from the negative electrode is, then, a repulsion of the sul- 
phonic acid. On this hypothesis, the same result should be obtained 
when the free sulphonic acid is used, and this proves to be the case. 

Methyl] violet is a hydrochloride. If we assume its hydrolysis into 
free acid and base,? repulsion, according to chemical character, would 
mean repulsion from the positive electrode; this is the observed 
repulsion. 

Magdala red, also, on hydrolysis, would yield base and hydrochloric 
acid, and Hofmann’s violet would v*:ld the free base; it will be seen 
in the table that both these substar °s are repelled from the anode. 

It is obviously impossible to classify some of the substances examined 
as basic or acid. In these cases, we must await further results for any 
generalisation that can aid us. 

In certain cases, a slight, secondary repulsion has been observed in 
a direction opposite to that of the normal repulsion. Thus, after pro- 
longed action of the current, a slight repulsion of arsenious sulphide 
from the anode is observed ; this is also the case with ferric hydrate 
and with hemoglobin. 


It is noteworthy that the secondary repulsion only commences when 


* In the case of the aniline blue disodium salt, the solution is blue, and that of 
the free acid is also blue; on adding sodium hyéroxide to a dilute solution of the 
acid, it turns greenish and on further dilution again becomes blue. 

+t When used as a dye, it is the base which is taken up by the dyed substance. 
The whole of the hydrochloric acid remains in the bath (E. Knecht, Ber., 1888, 21, 
1556). Methyl violet also shows colour changes on adding acid and diluting, which 
suggest hydrolysis. 

{ The account of the experiments with hemoglobin will be found described in 
Part I. (Trans., 1892, 61, 148), 
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Substance. a Remarks. 


Aniline Blue (1) | Filterable, diffusible,nobeam 
| Non-filterable, beam 
Non-filterable, non-diffusi- 
ble, beam. 
.| Filterable, no beam 
~| Filterable, diffusible,no beam 
Filterable 
Non-filterable, diffusible, 
beam. 
.| Filterable, beam....... 


9 


Non-filterable, non-diffusi- 
ble, beam. 
(B) Diffusible, beam............. 
Hemoglobin ONY (5) .. Non-filterable, beam 
0) (5) . Non-filterable, beam 
Hofmann’s Violet Not filterable,* diffusible, 
no beam. 


as tems no beam . 


Chloroform........ 

CS,,C5H,,0, CsH0 

Alcohol 

Filterable 

Non-filterable, very slow dif- 
fusion, beam. 

Filterable, non-polarised 
beam. 

Filterable, no beam 

No beam 

Not filterable,* diffusible, 
no beam. 

Rosaniline Hydrochloride 

Shellac 

Silicie Acid (7) ... 

Silver Hydrate 

Starch 


(1) Disodium salt. (2) Sulphonic acid. (3) Monosodium salt. (4) Slight repulsion 
from +ve. (5) Some repulsion also from —ve. (6) (a) H,S and SO, ; (6) Na,S,0, 
and HCl; (c) S,Cl, and water. (7) Five c.c. of liquid from cathode gave 6 milli- 
grams residue, whilst five c.c. from the anode gave 72 milligrams residue. 

* These colouring matters dye the substance of the pots used, and are thus 
withdrawn from aqueous solution. 

Note.—In the above table, ‘‘ filterable”” means filterable through a porous pot ; 
*“‘beam” indicates that the substance scatters light showing a polarised beam. In 
the last column, — signifies repulsion from the negative electrode. 
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the first repulsion has almost attained its maximum effect. Sugges- 
tions as to the cause of this phenomenon could be made, but their only 
value is as a working hypotheses for directing further experiments. 


Mixtures of Solutions. 


In connection with the above, we have tried the effect of mixing 
together solutions of substances repelled from opposite electrodes. In 
general, we find that there is a tendency to aggregation between such 
substances. This may result either in complete coagulation, or simply 
in the formation of a more coarse grained solution. On mixing strong 
aqueous solutions of acidic and basic dyes, it is well known that a 
precipitate is formed,* and on mixing dilute solutions, the mixture shows 
a coarse grained structure (using the scattered light test), although 
neither of its constituents did so separately. The aggregates have 
formed a lower grade solution; the constituents of these aggregates 
being no longer free to move separately, can only be carried as wholes 
in the convection experiments. Aniline blue (—) is much more readily 
repelled than methyl violet ( +) and, consequently, unless a large excess 
of methyl violet is used, the aggregates of the two dyes are repelled 
from the negative electrode. In presence of a large excess of methyl 
violet, these aggregates exhibit positive repulsion. The repulsion of 
silicic acid was first observed by dyeing the colloid molecules with 
methyl violet. The methyl violet was then carried with the acid from 
the cathode, its normal repulsion being from the anode. 

If now we could separate the constituents so as to cause what we 
may venture to call dissociation of the aggregates, the separated dyes 
should once more exhibit their individual repulsion ; this result can 
actually be obtained by the addition of alcohol. On now passing the 
current through the solution, the dyes are repelled in opposite direc- 
tions, and the aniline blue concentrates at the anode, whilst the methyl 
violet concentrates at the cathode. 

Similar results can be obtained with aniline blue and Magdala red. 
An aqueous solution of the latter is obtainable by adding some concen- 
trated alcoholic solution to water, a low grade solution being formed ; 
on mixing this with aqueous aniline blue in strong solution, coagula- 
tion occurs, but, in dilute solutions, coagulation does not occur. The 
optical test is not available in this case for detecting aggregation, as 
the Magdala red particles already scatter and polarise light ; we can, 
however, utilise the fact that aniline blue, when present singly in 
aqueous solution, is filterable through a porous pot. After mixing the 


* The dyes do not merely combine as wholes. The mechanism of these reactions 
is being examined by us as part of an investigation of the coagulation of low grade 
solutions, 
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aniline blue and Magdala red, neither of the constituents will pass 
through a porous -pot. As in the last case, if the aggregates are 
dissolved by alcohol, their dissociation is shown by the separate repul- 
sion of their individual constituents. 

Similar results are obtainable with rosaniline hydrochloride, and 
aniline blue. In like manner, the compound of methyl violet with 
silicic acid, mentioned above, is dissociated by alcohol, or, to put it in 
another way, the dye is dissolved out of the colloid molecules, and can 
then exhibit its individual repulsion. 

It will be at once apparent that we have here a remarkable mimicry 
of ionic dissociation. The question presents itself, are these slowly 
moving molecules conveying the current in a way at all analogous to 
conduction by ions? Colloids are stated not to conduct, but we are 
making an attempt to solve this problem with some of our higher 
grade colloid solutions. One interesting observation should be noted ; 
we have from time to time observed a banded structure during some 
of these separations, reminding one of the stratification observed with 
mixtures of highly-rarefied gases. The exact conditions necessary to 
produce this effect have not yet been ascertained. 


PARMITER’S SCHOOL. 
VICTORIA PARK. 


LVIII.—Action of Alkyl Haloids on Aldoximes and 


Ketoximes. 


By Wynpuam R. Dunstan, F.R.S., and Ernest Goutpine, Assistant 
Chemist in the Laboratories of the Scientific Department of the 
Imperial Institute. 


THE authors have already given some account of the direct.action of 
alkyl haloids on hydroxylamine (Proc., 1894, 138), and are at present 
engaged in a further study of the subject. Since little or nothing 
is known as to the direct action of alkyl iodides on oximes, this 
action has been examined with several well-known aldoximes and 
ketoximes. Luxmoore (Trans. 1896, 69, 183), at the suggestion 
of one of us, investigated the action of alkyl haloids when they 
are heated with benzaldoxime, and has described a new methyl 
derivative of benzantialdoxime in which the methyl group is joined to 
nitrogen. This derivative, on hydrolysis, furnishes benzaldoxime and 
a salt of #-methylhydroxylamine, NH(CH,)-OH. When, as in the 
ordinary method, the action of the alkyl haloid takes place in the pre- 
sence of the sodium derivative of the corresponding alcohol, the prin- 
cipal product is an ether of the oxime isomeric with the derivative 
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referred to above. In the latter case, the alkyl group takes the place 
of the hydrogen of the hydroxyl group of the oxime, and the isomeric 
ether, on hydrolysis, furnishes benzaldehyde and a salt of a-methyl- 
hydroxylamine, NH,-OCH,. The two actions may be represented by 
the following equations. 


1. CHPhNHO + CH,I = CHPhN(CH,)0,HI. 
2. CHPhNHO + CH,I = CHPhN-OCH,,HI. 


In the present paper, we show that this first mode of action of the 
alkyl haloid, as a result of which the alkyl group attaches itself to 
nitrogen, is apparently a general one. The cases of formaldoxime, 
acetaldoxime, acetoxime, and acetophenoxime have been investigated, 
and in each instance, by the direct action of methylic iodide or ethylic 
iodide or bromide, an alkyl derivative has been prepared, and by an 
examination of its hydrolytic and reduction products it has been proved 
that it contains the alkyl group attached to the nitrogen atom of the 
oxime, so that, on hydrolysis, the oxime is regenerated, and a salt of 
B-alkyl-hydroxylamine produced. 

These conclusions are summarised in the following equations, show- 
ing the formation and hydrolysis of these alkyl derivatives. 

Aldoximes — 


R'-CHNHO + CH,I = R’-CHN(CH,)0,HI. 


R’-CHN(CH,)0,HI + H,O=R'-CHO + NH(CH,)-OH,HI. 
Methylaldoxime hydriodide. Aldehyde B-Methylhydroxylamine 
hydriodide 


Ketoximes— 
R’,CNOH + CH,I = R’,CN(CH,)O,HI. 
I’,CN(CH,)0,HT + H,09=R,CO + NH(CH,)-OH,HI. 
Methy !ketoxime hydriodide. Ketone. B-Methylhydroxylamine 
hydriodide. 

The new series of derivatives appears to be more readily hydrolysed 
than the isomeric ethers, and are therefore much more difficult to pre- 
pare and purify. Luxmoore (Joc. cit.) succeeded, in the case of benz- 
antialdoxime, in isolating the free base in the solid state ; this, however, 
has not been possible with the aliphatic compounds owing to the great 
instability of the bases, even the ordinary salts are unstable. 

As to the structure of these compounds, there can be little doubt 
that they are derivatives of the tautomeric or isoximido-forms of the 
ordinary aldoximes and ketoximes. 

R/CH:N:CH, R’,C-N-CH, 
a V 
O O 
Methylaldoxime. : Methylketoxime. 


The isomeric compounds being the ethers of the ordinary oximes. 
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R'CH:N- OCH.,. R’,C:N: OCH,. 
Methyl ether of aldoxime. Methyl ether of ketoxime. 


In the aliphatic series, very few of these ethers have so far been pre- 
pared. 


AcTIon oF ALKyL JoDIDES ON FORMALDOXIME. 


The preparation and properties of formaldoxime have been already 
described (Dunstan and Bossi, Proc., 1894, p. 55). It has been shown 
that this oxime combines in three molecular proportions with a single 
molecule of a monobasic acid to form well-defined salts (CH,NOH),HCI, 
&ec., but in its general properties it behaves as an ordinary oxime of form- 
aldehyde. When an excess of methylic iodide is heated for some hours 
with a solution of formaldoxime in methylic alcohol, and the solution 
is concentrated, the addition of ether causes the separation of small, 
white crystalline rosettes which may be purified by recrystallisation 
from ether and alcohol. The best method of obtaining this compound 
consists in adding an excess of methylic iodide to a strong ethereal 
solution of formaldoxime ; after about 12 hours, the compound crystal- 
lises out. These crystals, which melt near 102° with decomposition, 
consist of the hydriodide of a methylformaldoxime. They dissolve in 
water, dissociating and forming an acid solution, which, when heated, at 
once evolves formaldehyde, leaving a liquid possessing strong reducing 
properties. From these properties, it might be supposed that the com- 
pound is represented by the formula CHN(CH,)O,HI. On analysis, 
however, it appears that, like hydriodic acid, methylic iodide combines 
with three molecular proportions of formaldoxime, and that the formula 
of the compound is (CH,NOH),CH,I. The analytical results obtained 
by precipitating an aqueous solution with silver nitrate are as follows: 


I. 0°3853 gave 0°3296 AgIl. I=46:22 per cent. 

IL 02568 ,, 0:2187 AgIl. I=46-03 
III, 0:2026 ,, 01714 Agl. I=45-71 ,, _,, 

(CH,NOH),,CH,I requires I = 45°85 per cent. 


9 9 


In order to ascertain the constitution of this remarkable compound, 
its decomposition products have been examined. Although many 
attempts were made, the base corresponding with this salt could not 
be separated owing to the facility with which it suffers decomposition. 
Methylic bromide, when heated with formaldoxime, furnishes a hydro- 
bromide similar to the hydriodide described above, but alkyl haloids do 
not react with formaldoxime if it is presented as the hydrochloride. 


Action of Heat on Formaldoxime Methiodide. 


The substance was heated at 100° in a U-tube in a current of .dry 
air, and the distillate condensed in a second U-tube immersed in a 
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freezing mixture. The substance darkened, and formaldoxime gradu- 
ally distilled, changing into the white, amorphous polymeride in the 
receiver; When distillation ceased, the coloured residue was dissolved 
in water, the solution made alkaline and distilled into dilute hydro- 
chloric acid ; the hydrochloride thus obtained consisted entirely of 
methylamine hydrochloride. The platinochloride was prepared and 
analysed : 


0:012 gave 0:0075 Pt. Pt=41-21 per cent. 
(NH,°CH,),,H,PtCl, requires = 41°38 per cent. 


In another experiment, the quantity of formaldoxime which distils 
from the compound was ascertained to be 32°49 per cent., a result 
agreeing well with the following equation, which shows that two 
molecules of formaldoxime distil, leaving one combined with the 
elements of methylic iodide. 

(CH,NOH),CH,I = 2CH,-NOH + CH,N(CH,)O,HI. 

The coloured residue was dissolved in water made alkaline with 
soda, and distilled into dilute hydrochloric acid, when methylamine 
hydrochloride was again obtained and identified by an analysis of its 
platinochloride. 


00507 gave 0:0212 Pt. Pt=41-81 per cent. 
(NH,°CH,),,H,PtCl, requires Pt = 41°38 per cent. 


It thus appears that only one of the three molecules of formaldoxime 
is attacked by the methylic iodide which joins itself to the nitrogen of 
this molecule and is subsequently obtained as methylamine. 


Hydrolysis of Formaldoxime Methiodide. 


The hydrolysis of the compound was effected by heating its aqueous 
solution for some hours in a flask attached to an upright condenser. 
Considerable quantities of formaldehyde were produced, and hydroxy]- 
amine was readily detected in the solution. The detection and separa- 
tion of a methylhydroxylamine salt in presence of a salt of hydroxyl- 
amine being a difficult matter, the residue of salts was reduced by 
heating with hydriodic acid, the solution then made alkaline and dis- 
tilled into dilute hydrochloric acid. The residue was a mixture of 
ammonium chloride and methylamine hydrochloride. The mixed 
platinochlorides were prepared and analysed. 


0:0565 gave 0°0244 Pt. Pt=43-°19 per cent. 
2NH,Cl+ NH,°CH,,HCI requires Pt = 43°17 per cent. 


This result bears out the inference from the experiments on the 
action of heat on the compound that the methyl radicle is attached to 
the nitrogen of one molecule of the oxime, the formula of this methyl 
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derivative being (CH,:NOH),,CH,:N(CH,)O, as is shown by the pro- 
duction of @-methylhydroxylamine on hydrolysis. The other two 
molecules of formaldoxime in the compound furnish hydroxylamine 
when hydrolysed in the usual manner. We reserve for another paper 
a discussion of the constitution of the acting complex (CH,NOH), of 
formaldoxime. 


Reduction of Formaldoxime Methiodide. 


Experiments have been made with various reducing agents, and in 
each case a mixture of ammonium chloride and methylamine hydro- 
chloride has been obtained. In all cases, hydrolysis appears to have 
preceded reduction to a greater or less extent, whilst some formal- 
doxime was directly reduced to methylamine. On this account, except 
where hydrolysis was complete before reduction occurred, varying 
proportions of ammonia and methylamine were obtained. 


AcTIon oF ALKyL HALoIpDS ON ACETALDOXIME. 


When acetaldoxime is heated with methylic iodide, a solution is 
obtained from which it has not been possible to prepare a crystalline 
compound. By carefully precipitating the solution with ether, a 
liquid is isolated which possesses all the properties of a salt of the 


methyl derivative, in which this group is attached to nitrogen. On 
hydrolysis, it furnishes acetaldehyde and #-methylhydroxylamine. 
There can, therefore, be no doubt that the formula of the compound is 
CH,:CH-N-CH, ; 

— . Methylic bromide and ethylic iodide give rise to 


similar derivatives. 


AcTION oF ALKyt HALoIps ON ACETOXIME. 


When excess of methylic iodide is heated for some hours with an 
alcoholic solution of acetoxime, iodine is liberated, and the liquid 
becomes dark red ; on evaporating the solution to a small volume and 
allowing it to cool, a large number of red prismatic crystals separate, 
which exhibit a brilliant green lustre. They may be recrystallised by 
adding ether to a solution in methylic alcohol; when heated, the crystals 
decompose. On heating an acidified aqueous solution, acetone is formed, 
together with a substituted hydroxylamine having powerful reducing 
properties. The compound, therefore, has a similar constitution to the 
aldoxime derivatives obtained in a similar manner. 

The total iodine was determined as silver iodide, after adding 
sulphurous acid and then nitric acid to the aqueous solution. 
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I. 0°279 gave 0°3493 AgI. I=67°7 per cent. 
II. 01721 ,, 02175 Agl. 1=6833 _,, 
III. 01684 ,, 02147 AgIl. I[=68°88 _,, 
(CH,),CN(CH,)O,HI,I, requires I= 68°40 per cent. 
In order to confirm this composition, the ‘external’ iodine was 
determined by dissolving the substance in methyl alcohol, diluting 
with water, and then titrating with thiosulphate. 


I. 0°223 gave 005143 AgI. I=23-06 per cent. 
II. 0°2317 ,, 0°05334 AgIl. I=23:02 ,, 
(CH,),CN(CH,)O,HI,I,. I=22°8 per cent. 


The substance is therefore a periodide of methylacetoxime. 


Hydrolysis of Methylacetoxime Periodide. 


The hydrolysis of the compound was accomplished by heating with con- 
centrated hydriodic acid, when, of course, if hydroxylamine were formed, 
it would at once be reduced to ammonia, whilst @-methylhydroxyl- 
amine would be reduced to methylamine. Acetone was disengaged 
during the operation, and when all action had ceased the liquid was 
rendered alkaline with soda, and distilled into dilute hydrochloric acid. 
The residue obtained by evaporating this acid solution was found to be 


entirely composed of methylamine hydrochloride ; a part of it was con- 
verted into the platinochloride, and analysed. 


00782 gave 0:0324 Pt. Pt=41°43 per cent. 
(NH,°CH,),,H, PtCl, requires Pt = 41°38 per cent. 

As the substance was hydrolysed and its nitrogen reduced to methyl- 
amine so readily and completely by this treatment, an estimation of the 
nitrogen in the compound was effected inthis way. The base was dis- 
tilled into excess of decinormal sulphuric acid and the solution titrated 
with standard soda. 0°443 gave 0°04526 of methylamine= 4°61 per 
cent. of nitrogen. Calculated percentage=5°02. These results justify 
the conclusion that this substance is the periodide of a methylacetoxime 


in which the methyl is joined to nitrogen as shown in the formula 
(CH,),C*N-CH,. 
V 


O 


Many attempts were made to obtain the hydriodide from the periodide, 
but without success, as this salt is unstable and particularly easily 
hydrolysed. For similar reasons, the base itself could not be isolated, 
although undoubted indications were obtained of its existence in solu- 
tion. 

Methylamine Hydriodide. 


From the mother liquors from which the methylacetoxime periodide 
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had separated, a salt was obtained crystallising in brilliant, colourless 
plates from a mixture of ether or chloroform with alcohol. The 
crystals were very slightly deliquescent, dissolved readily in water and 
alcohol, and melted near 220°, darkening in colour. They possessed all 
the properties of methylamine hydriodide. Determination of the 
iodine gave the following result. 


02089 gave 0°3067 AgI. I=79°32 per cent. 
NH,°CH,,HI requires I= 79°87 per cent. 


This salt is very little known. It is described by Wurtz (Dicton- 
naire de Chemie) as forming colourless plates which are strongly deli- 
quescent. 


Action of Ethylic Iodide on Acetoxime. 


When ethylic iodide is heated with an alcoholic solution of acetoxime 
for several hours, a liquid is produced which is coloured red from 
liberation of iodine, and a periodide of ethylacetoxime is formed which 
is similar in constitution to the methyl derivative described above. On 
hydrolysis followed by reduction, the whole of the nitrogen appears as 
ethylamine. Analysis of the platinochloride furnished the following 
result. 


00318 gave 0°0126 Pt. Pt=39°6 per cent. 


(NH,°C,H,),,H,PtCl, requires Pt = 39°1 per cent. 


It is therefore proved that in ethylacetoxime the alkyl is joined 
to nitrogen as represented in the formula (CH,),C-N-C,H,. 


O 
Methylic bromide reacts with acetoxime without liberation of 
bromine, and although evidence of the production of a methyl deriva- 
tive was obtained, no crystalline salt could be isolated. 


ActTION oF ALKYL HALoIps oN ACETOPHENOXIME. 


When excess of methylic iodide is heated with an alcoholic solu- 
tion of acetophenoxime for 2 hours in a sealed tube at 105°, iodine 
is liberated, and on adding ether, a red liquid is precipitated which 
could not be crystallised ; it exhibited the reactions of the hydriodide 
of methylacetophenoxime. 

On hydrolysis, this liquid furnished acetophenone and a salt of 
8-methylhydroxylamine, the latter giving methylamine on reduction 
with hydriodic acid. 

The platinochloride was prepared and analysed. 


00346 gave 0°0145 Pt. Pt=41°91 per cent. 
(NH,°CH,),,H,PtCl, requires Pt = 41°38 per cent. 
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The formula of the substance is therefore C,H,*C(CH,)N(CH,)0O,HI. 
On heating acetophenoxime with ethylic iodide in a similar manner, 
a salt of an ethylacetophenoxime could not be separated, but on adding 
ether to the liquid, ethylamine hydriodide crystallised out. It would 
appear, therefore, that the ethylacetophenoxime is unstable, and under- 
goes hydrolysis into acetophenone, which was identified in the solution, 
and £-ethylhydroxylamine, which is readily reduced to ethylamine. 
The platinochloride, on analysis, gave the following result. 


0:0508 gave 0:0200 Pt, Pt=39°37 per cent. 
(NH,°C,H;),,H,PtCl, requires Pt = 39-1 per cent. 


We may remark here, we have observed that when acetophenoxime 
is heated with methylic iodide in the presence of sodium methoxide, 
salts of both isomerides are at first preduced; the one in which 
the methyl is joined to oxygen, C,H,;*(CH,)C:N-OCH,,HI, and the 
other in which this group is joined to nitrogen as shown in the formula 
given above. We reserve for the present a further account of the 
properties of these compounds, 

ScrentiFic DEPARTMENT, 
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LIX.—WNote on Wechsler’s Method for the Separation 
of Fatty Acids. 
By Artuur W. Crosstey, M.Sce., Ph.D. 


In connection with a research on which Professor Perkin and I have 
been engaged for some time past, a large amount of a complicated 
mixture of fatty acids had to be dealt with. Asis well known, the separa- 
tion of fatty acids is not an easy task, and in this case recourse was 
had to most of the known methods of separation, including one described 
by Max Wechsler (Monatsh., 1893, 14, 462). Wechsler says :— 

If, to a mixture of two fatty acids, four-fifths of the caustic soda 
necessary to neutralise them be added, and the whole is steam distilled, 
the distillate contains the pure acid of higher boiling point. From 
the residue left after distillation, a further three-fifths of the acids are 
set free by the addition of sulphuric acid, and these are distilled off 
with steam. Finally, the remaining one-fifth of the acids is set free, 
and in this case the distillate contains the acid of lower boiling point in 
a pure condition. In support of this view, Wechsler gives details of 
several experiments, which offer apparently such decisive proof of his 
statement, that one was influenced to try the method on the mixture 
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of acids above alluded to. In no instance was the result satisfactory, 
in fact so much the contrary, that it was thought advisable to 
repeat some of Wechsler’s experiments. 

After dealing with two instances cited by Wechsler, with results not 
in accord with those he gave, the whole of his experiments were 
repeated, and a few additional ones made, in order to give the method 
a thorough trial. 

In the first place, the experiments described by Wechsler were 
carried out with strict attention to the few details given by him, and as 
will be seen from the numbers obtained, the first fraction of the dis- 
tillate does, in some cases, contain the acid of higher boiling point in 
a nearly pure condition: but in no instance does the last fraction 
contain the pure acid of lower boiling point. 

As in the one example given by Wechsler, in which bad results 
were obtained, an zso-acid was employed, some experiments were made 
with iso-butyric, iso-valeric, and iso-hexoic (iso-butylacetic) acids, but 
in no case were results obtained which agreed with Wechsler’s state- 
ment, for even when using three molecular proportions of the lower 
to one of the higher boiling acid, the former was not obtained in a 
pure state in the last fraction, besides which, when these proportions 
were used, the acid of higher boiling point was not obtained in any- 
thing approaching a pure condition in the first fraction. 

From the following experimental data, it will be seen that Wechsler’s 
method does not give such good results as its author suggests, but 
although it cannot be regarded as a satisfactory method for the 
complete separation of mixtures of fatty acids, still the following details 
may be of interest, as showing in what cases and to what extent a 
separation is possible. 


Experimental. 


The acids under examination were obtained from Kahlbaum, and 
the purity of the portions used proved by submitting the acids to 
fractional distillation. 

The following was the method of procedure adopted. 

About 10 grams of the acid of lower boiling point were mixed with 
a molecular proportion of the higher boiling acid, 300 c.c. of water 
added, and the mixture exactly neutralised with caustic soda solution. 
After adding sulphuric acid (of such a strength that 1 ¢.c. was exactly 
equivalent to 1 c.c. of caustic soda) in sufficient amount to neutralise 
one-fifth of the caustic soda used, the whole was steam distilled, until 
the liquid passing over no longer reddened blue litmus paper. The 
distillate so obtained is spoken of as F,. 

To the residue of the distillation, a further three-fifths of the sul- 
phuric acid necessary to neutralise the caustic soda used was added, and 
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the free acids distilled off with steam. The remaining one-fifth of the 
fatty acids was then set free by the addition of sulphuric acid, again 
distilling with steam. The distillate obtained is called F,. 

The various distillates were treated as follows. After neutralisation 
with caustic soda and evaporation to a very small bulk, the sodium salts 
were decomposed with sulphuric acid, the free fatty acids extracted 
with pure ether, the ethereal solution dried over calcium chloride, and 
the residue distilled (not fractionally). A portion of the acid thus 
obtained was diluted with water, and after exact neutralisation with 
ammonium hydroxide, the silver salt was precipitated by silver nitrate, 
and collected with the aid of the pump, so as to remove as much of the 
mother liquor as possible ; it was then triturated with distilled water, 
again collected, repeatedly washed with water and dried, first on a 
porous plate, and finally over sulphuric acid in a vacuum. This differs 
slightly from the process adopted by Wechsler, inasmuch as he pre- 
pared the silver salts by boiling the distillate from the steam distil- 
lation with silver carbonate. 

As a first experiment, the separation of acetic and propionic acids 
was attempted. The first fraction contained pure propionic acid ; but 
from the last fraction the following numbers were obtained. 

Found. Calculated for C,H,0,Ag. 
Ag (I) 61°98 (II) 61:98 per cent. 64°67 per cent. 


As these numbers do not agree with those obtained by Wechsler in 
a similar experiment, the purity of the acetic acid used was further 
tested by converting a portion into the silver salt, which on analysis 
gave the following numbers. 

Found. Calculated for C.H,0,Ag. 
Ag 64:50 per cent. 64°67 per cent. 

All Wechsler’s experiments, with the exception of the separation of 
formic and acetic acids, were repeated, and the results, together with 
those obtained by the author, are given in the accompanying table, in 
which (and all subsequent tables) the numbers refer to the percentage 
of silver in the silver salts of the various acids. 


| . ° ° 

| ih n } be x . s Py 

| 48 $2 3 » 2 o 
, | "Bes ot B a Caleu- att 2 a Calcu- 
Acids used. | 3 3 eos mS lated i aa es lated. 

\ae| 22] & $2| 2 
Acetic : Propionic ..| 1:1 | 59°73 | 60-08 | 59°66 || 61-98 | 64-14 | 64:67 
Acetic : Butyric...... 1:1] 55°26 | 55°70 | 55°38 || 61:73 | 63°77 | 64°67 
Acetic : iso-Butyric.| 1:1 | 55°61 | 55°47 | 55°38 || 63°85 | 64°45 | 64°67 
Propionic : Butyric 1:1 | 56°16 | 55°75 | 55°38 57°88 | 59°18 | 59°66 
Butyric : tso-Valeric| 1:1 | 52°72 | 53°74 | 51°67 54°31 | 53°80 | 55°38 
Butyric : Hexoic..... 1:1 | 49°36 | 48°61 | 48°43 || 53°68 | 55°08 | 55°38 
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It was then thought that better results might be obtained for the 
last fraction, if, after distilling off the first fifth of liberated acid, 
instead of at once adding three-fifths of the necessary amount of sul- 
phuric acid and distilling, the sulphuric acid wereadded inseparate fifths, 
and the liberated fatty acid distilled off with steam after each addition. 

A trial experiment made with acetic and iso-butyric acids confirmed 
this supposition, as the following numbers show :— 


Found. Calculated for C,H,O0,Ag. 
F, Ag 55°63 per cent. 55°38 per cent. 

Found. Calculated for C,H,0,Ag. 
F, Ag 64°51 per cent. 64°67 per cent. 


It is curious that this experiment affords the one single example where 
a complete separation of both fatty acids was effected. Comparing 
the results obtained when using the method giving fractions F, and F, 
and that giving F, and F; we have: 


: < || 
~ 2 am] = 
38 2 = Cal | Cal 
P 2-5 a <3 alcu- alcu- 
Acids used. 3 3 3 eS lated. || Fs. Fs. lated. 
i # = 
— Lan | N 


55°38 || 63°85 | 64°51 | 64°67 

The method of procedure in all experiments (including the above) 
from this point was therefore as follows :— 

After exactly neutralising the mixture of fatty acids with caustic 
soda, one-fifth of the amount of sulphuric acid necessary to neutralise 
the caustic soda used was added, and the mixture distilled with 
steam. Distillate=F,. 

A 2nd fifth of caustic soda was added and distillation continued. Distillate=F,. 


i 
on 
or 
a 
ne 
on 
on 
for) 
ie) 


Acetic ; 7so-Butyric..| 1: 


A 3rd ” ry) 2? 99 ” Ed =F;. 
A 4th ” ” ” ” ” ” =F, 
A 5th 99 ” ” or) ” _— =F,. 


Fractions F,, F, and F, were rejected, F, and F; being the only 

ones examined. The following table gives the results of experiments 

‘ made to further test the efficacy of this slight alteration in the detail 
of experiment ; they were unsatisfactory in every case. 


| #e | | | 

3-3 Calecu- | Caleu- 
Acids used. | & 3 | Fy. sated | Fs. lated. 

| #eé | | 

| ! 
iso-Butyric : iso-Valeric .............+. | 1:1 | 52°90 | 51°67 | 58°60 | 55°38 
tso-Valeric : iso-Hexoic .........066 « | 1:1 | 49°92 | 48°43 | 5011 | 51°67 
VRROEOS STRGMIED o.oo cossesccsececenese | lil | 49°51 | 48°43 |) 51°25 | 51°67 
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As Wechsler invariably worked with mixtures of the fatty acids 
in molecular proportion, a few experiments were tried in which vary- 
ing molecular proportions of the two acids were used, but again with 
unsatisfactory results, for both in the case of #so-valeric and iso-hexoic 
acids, as well as of iso-butyric and iso-valeric acids, when using three 
molecular proportions of the former to one of the latter, F; does not 
contain the lower boiling acid in an absolutely pure condition, and 
analyses of the silver salts made from the fractions F, point to a 
mixture of the two acids. 

In the summary below are tabulated, for comparison, along with 
the results of the above experiments, those in which the same acids 
were used in molecular proportion. 


F,. Calcu- Fs Caleu- 


Acids used. lated. lated. 


Molecular 
proportions. 


ROMO SBIOPIONIC «...000cccsvecccoeves ES I 59°73 | 59°66 61°98 | 64°67 
99 fe. | ekeibesanmenecnebente 2:1 59°90 59°66 63°34 64°67 

eg mevilcesoudesicaires 1:2 59°63 59°66 61°41 64°67 

iso- ‘Butyric : iso-Valeric ............... R32 52°90 | 51°67 53°60 | 55°38 
” dain 2:1 53°57 | 51°67 54°82 | 55°38 
Scadteensuveien 3:1 54°15 51°67 54°47 55°38 

iso-Valeric : iso-Hexoic ............... 1:1 49°92 | 48°43 50°11 | 51°67 
99 SS eStore EE! 50°31 48°43 50°91 51°67 

99 a) __,  tepomcnanees Be 50°97 48°43 51°14 51°67 
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LX.—Researches on the Oxides of Cobalt. Cobalt 


Dioxide or Cobaltous Anhydride, Cobaltous Acid 
and Cobaltites. 


By Arruur H. McConnett and Epaar 8. Hanes. 
INTRODUCTION. 


In order to throw some light upon the part played by oxidation in 
the technical production of the well-known pigment cobalt blue, we 
were led to study the action of various oxidising agents on the three 
known oxides of cobalt, namely, CoO, Co,0,, and Co,0,. 

At the meeting of the Chemical Society held December 17th, 1896, 
a paper was read by Mr. R. G. Durrant, in which he gave an ex- 


OXIDES OF COBALT. 585 


planation of the formation of a peculiar green coloration which he had 
previously noticed (Proc. Chem. Soc., 1896, 96) when solutions of 
cobaltous salts are treated with hydrogen peroxide and other 
oxidising agents in the presence of alkali hydrogen carbonates. 

In the discussion which followed, it was stated by one of us that 
we believed this green colour to be due to a double compound of 
cobalt with the alkali base, somewhat analogous to the pigments 
known as cobalt blue and cobalt green, and not to the presence of 
percarbonate of cobalt, as stated by Durrant. 

Although our researches on the oxides of cobalt were mainly 
undertaken from a technical point of view, some facts brought to 
light during our investigations seemed to us to be evidence that the 
views then expressed by one of us were correct. 


Historical. 


In order to connect our own researches with the formation of the 
green colour noted by Durrant, it will be well to give a brief historical 
sketch of the subject. 

The formation of a green solution when qualitatively separating 
the common metals by the usual group reagents has been frequently 
noted, the usual explanationgiven being the presence of traces of 
nickel as impurity in the cobalt salts analysed. 

In 1862, Field (Chem. Soc. J., 14, 48), observed that a peculiar 
green solution was obtained on adding a solution of cobaltous nitrate 
to a solution of sodium hydrogen carbonate containing a small 
quantity of sodium hypochlorite, but gave no explanation of the 
phenomenon. 

In 1890, Gibson (Proc. Roy. Soc. Edin., 1'7, 56—58) extended 
Field’s work, and showed that the same green colour is produced 
when solutions of cobalt and nickel salts are treated with bromine in 
the presence of sodium carbonate. He, like Field, does not attempt 
to explain the reaction. 

In April, 1896, Durrant (Proc. Chem. Soc., 96) described the pro- 
duction of this green solution, and says it “appears to contain a 
cobaltate or cobaltic acid, H,CoO,,” the probable reaction being 


CoCO, + 2H,0, = H,Co0, + CO, + H,0. 


Later, Durrant (ibid., 1896, 244) read a second paper before the 
Chemical Society, in which he expressed the view “that the green 
cobaltic compound is of the nature of a carbonate.” The only direct 
evidence, however, which he gives is the analysis of the green pre- 
cipitate obtained from his green solution. To quote his own words, 
“ the evidence so far obtained shows that the cobalt is in the cobaltic 
state.” In support of this statement, he gives the results obtained 
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by three volumetric methods, from which he finds that the available 
oxygen closely approximates to that to be expected from cobaltic 
hydrate. 


Cobalt Dioxide or Cobaltous Anhydride. 


Whilst oxidising with hydrogen peroxide some pure cobaltous hydr- 
oxide suspended in water, we observed that it gave a marked acid re- 
action with litmus paper, from which we were led to conclude that we 
were dealing with a new oxide of cobalt other than CoO, Co,0,, or 
Co,0,, none of which give an acid reaction when suspended in water. 
As the action of the hydrogen peroxide proceeded, the suspended 
cobaltous hydroxide gradually darkened in colour and ultimately 
acquired an olive-brown tint, much oxygen being evolved. The 
mixture, when quickly filtered through glass wool, gave a clear, colour- 
less filtrate, which still retained its marked acid reaction, and neutra- 
lised a definite quantity of standard potassium hydrogen carbonate 
with copious evolution of carbon dioxide, and formation of a clear 
green solution of a nature similar to the green solution first observed 
by Field, and subsequently examined by Durrant. 

From a study of the properties of this acid filtrate and its mode of 
formation, we arrived at the conclusion that it contained the hypo- 
thetical cobaltous acid corresponding with cobalt dioxide ; this acid 
has not been isolated up to the present time, although it appeared 
probable that it existed in some of the oxy-cobalt and ammonia com- 
pounds, and also in the cobaltites, compounds analogous to the man- 
ganites first described by Gorgeu. 

The reaction between cobaltous hydroxide and hydrogen peroxide or 
any other oxidising agent used in the cold is not quantitative, but is 
extremely complex, our experiments leading us to believe that a 
number of secondary reactions take place simultaneously, and these 
vary in a remarkable manner according to the conditions. The re- 
actions which give rise to this acid may, however, be represented by 
the following molecular equations. 

1. The first action is the oxidation of a portion of the cobaltous 
hydroxide by the hydrogen peroxide, when the latter is used in 
excess, directly to cobalt dioxide, without the cobaltous hydroxide 
going through intermediate stages of oxidation. Co0+H,O,=Co0, 
+H,O0. The cobalt dioxide thus formed dissolves in the water 
present, forming cobaltous acid, hence the acid reaction we have 
already described. 

2. This hydrated oxide or cobaltous acid, H,CoO,, has extremely 
active properties, and gives rise to at least two secondary reactions, 
acting on the excess of hydrogen peroxide in a similar manner to 
manganese dioxide without itself undergoing change; this action, 
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which may be represented by the equation 2CoO,+2H,0, = 2000, + 
2H,0 + O,, fully explains the copious evolution of oxygen noted above. 

3. A portion of the cobalt dioxide, in the presence of water, reacts 
as an acid or negative group towards some of the cobaltous hydroxide 
still unoxidised in the mixture, uniting with the positive group, CoO, 
to form cobaltous cobaltite, but this takes place only in the absence of 
a powerful base, such as potash. This oxidised product varies greatly 
in composition according to the conditions under which it is formed. 
When hydrogen peroxide is the oxidising agent and the oxidation is 
conducted in the cold, it invariably contains more oxygen than cor- 
responds with the ratio 2:3 for cobaltic oxide, its composition being 
best expressed by the general formula «Co0,yCo0,. 

When the cobaltous hydroxide and hydrogen peroxide mixture is 
allowed to stand for some time, the acidity disappears, and an olive- 
brown substance remains which differs in many respects from cobaltic 
hydroxide; if it is dissolved in dilute acetic acid, and potassium 
hydrogen carbonate added, the solution becomes green, which is not 
the case with cobaltic hydroxide, thus confirming our view that the 
group CoO, is present as a cobaltous cobaltite. 

We also find that cobaltous hydroxide, when oxidised with chlorine 
or bromine, yields a product of indefinite composition according to the 
conditions, 


Cobaltous Acid and Cobaltites. 


We have been unable to isolate cobalt dioxide or any of its com- 
pounds in a pure state, as they are only stable for a time in aqueous 
solution, and so long as an oxidising agent is present. All direct 
methods having failed, we had to fall back on the green alkali 
cobaltites, which remain unchanged for a considerable time in aqueous 
solution containing hydrogen peroxide. For this purpose, we prepared 
a solution of potassium cobaltite by oxidising pure cobaltous hydroxide 
with hydrogen peroxide in the presence of excess of potassium hydro- 
gen carbonate, and after filtering it through glass wool, known quan- 
tities of the clear green filtrate were taken for analysis. The cobalt 
was determined as metal after reduction by hydrogen, and the carbon 
dioxide and potassium were determined by the usual methods. 

In this way, we ascertained the relation between the cobalt and 
potassium in the green solution of potassium cobaltité, that is, the 
ratio between the cobalt and the potassium other than that which was 
present as excess of potassium hydrogen carbonate. We found the 
method yielded extremely concordant results, as the following figures 
show. 

Found CO, =0°267 gram ; total K=0°2456 gram ; Co=0°005 gram. 


orn 


From the total potassium we deducted 0°2375 gram, the quantity 
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required to form KHOO, with the 0°267 gram of CO, ; the remaining 
0:0081 gram is therefore combined with the 0°005 gram Co, and the 
ratio between these two metals in potassium cobaltite is, 

K — 00081 —_ = 1°62 

Co 0005 1:00 

Another determination made at the same time gave a ratio of 
K :Co=1°44:1. 

A number of determinations, made as described, yielded such con- 
cordant results as to place it beyond doubt that the composition of 
potassium cobaltite is expressed by the formula K,CoO,, in which the 
ratio K,:Co=1°33:1. 

Any other formula containing more than 2 atoms of potassium to 
1 atom of cobalt, or vice versd, gives 4 ratio still further removed from 
all our results. 

The composition of potassium cobaltite as thus deduced fully explains 
the following reactions. 

1. When cobaltous hydroxide is oxidised by hydrogen peroxide in 
the presence of potassium or sodium hydrogen carbonate, the oxidation 
is much more rapid than is the case in the absence of a strong base. 
When a base with which the cobalt dioxide can combine is absent, a 
much smaller quantity of cobaltous hydroxide can be oxidised directly 
to cobalt dioxide. 

2. When the green potassium cobaltite solution is treated with 
dilute sulphuric acid in the cold, the green colour is destroyed ; this is, 
in our opinion, due to the formation of cobalt oxysulphate. The re- 
action can be expressed by the equation K,CoO, + 2H,SO, = K,SO, + 
80,CoO, + 2H,0. 

The formation of an oxy-cobalt salt appears to us to be fully 
warranted by the fact that the green colour at once returns on neutra- 
lising the decolorised solution with potassium hydrogen carbonate, 
If, however, concentrated sulphuric acid is employed or heat applied, 
the cobaltite is at once decomposed, a pink solution of a normal 
cobaltous salt being obtained. 

3. This view of the matter is still further strengthened by the 
action of dilute sulphurous acid on the green solution. Dilute sulphur- 
ous acid decolorises the solution, and if not used in too large an 
excess, the green colour again returns on neutralising with potassium 
hydrogen carbonate. This reaction confirms our views that the group 
CoO, is not broken down by even such a strong reducing agent as 
sulphurous acid, and points to the formation of an oxy-cobalt salt 
under certain conditions. 

4. Cobaltous hydroxide oxidised by hydrogen peroxide in the pre- 
sence of potassium acetate yields a green solutionof potassium cobaltite. 
This reaction is extremely interesting, for it conclusively proves 
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that cobaltous acid, although possessing only feeble acid properties, is 
able to displace acetic acid. Mr. Durrant states “that carbon dioxide 
is necessary both for the formation and preservation of the green 
solution,” and, although he noticed that excess of acetic acid did not 
destroy the green colour, he says, “the green colour of the acetic 
solution remains only so long as carbon dioxide is present.” 

5. When cobaltous hydroxide is oxidised in the presence of 
potassium hydroxide, we find that the product is cobaltic hydrate, 
Co,0,,3H,0, the alkali hydroxide apparently preventing the formation 
of a higher oxide of cobalt. At first sight, this reaction seems diffi- 
cult to explain. We made a number of experiments to clear up this 
peculiar reaction, and our observations show that the reaction takes 
place between cohaltous acid and a basic or acidic oxide. Now, in 
potassium carbonate or hydrogen carbonate, such a basic oxide is 
present, but in potassium hydroxide, the oxygen is present in the form 
of hydroxyl, hence an alkali cobaltite is not produced when potassium 
hydroxide is used. 


Summary. 


The possible existence of potassium cobaltite has been pointed out 
by Schwarzenberg (Annalen, 1856, 97, 212), who assigns to it the 
formula, K,Co,0,,+3H,O. The abnormal composition of Schwarzen 
berg’s compound was subsequently confirmed by Pebal (Annalen, 1856, 
100, 257) and by Mayer (Annalen, 1857, 101, 266). Our own investi- 
gations show that his compound consisted of a mixture of oxides of 
cobalt contaminated with potassium hydroxide. 

His potassium cobaltite is stated to have been obtained by a method 
of fusion. Our own experience in the technical application of oxides 
of cobalt does not confirm the formation of such a compound by 
fusion methods, and in view of the fact that we have shown that 
potassium cobaltite is soluble in water, forming a green solution, the 
existence of Schwarzenberg’s compound is highly improbable. His 
formula, K,Co,0,,+3H,0, is, moreover, vitiated by the fact that the 
value of oxygen was taken as 8 instead of 16. His description 
of the compound that it “was obtained in black, brilliant, metallic, 
small, soft, six-sided rhombic crystals, non-magnetic, without alkaline 
reaction,” exactly tallies with the appearance of Co,0,. 

The possible existence of cobalt dioxide in compounds has also been 
pointed out by Fischer (Chem. Centr., 1889, i, 705); Carnot (Chem. 
Centr., 1889, i, 706, and Chem. News, 1889, 59, 183); Schréder 
(Chem. Centr., 1890, i, 933), and Rousseau (Compt. rend., 1889, 109, 
64). These researches point to the possible existence of cobalt 
dioxide, but there is no definite evidence that cobalt forms such an 
oxide, 
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Our own conclusions are as follows. 

1. We are unable to confirm Durrant’s statements that either 
cobaltic acid, H,CoO,, or a cobaltate results from the oxidation of 
cobaltous compounds by wet methods. 

2. We have shown that cobaltous acid is no longer a hypothetical 
compound ; that it contains cobalt dioxide and forms alkali salts, 
which are fairly stable in solution, the latter being of a green colour, 

3. That the evidence now brought forward definitely establishes the 
fact that cobalt forms a series of compounds with other metals, in 
which the cobalt is part of the acid radicle. 

4. That cobaltous acid and cobaltites are strictly analogous to 
manganous acid and manganites, thus showing that the properties of 
cobalt are closely allied to those of manganese. Manganese is readily 
oxidised to the peroxide MnO,, but cobalt much less readily yields the 
corresponding peroxide CoO,. 

5. In view of the fact that cobalt dioxide does undoubtedly exist in a 
number of compounds, we suggest that the oxides of cobalt should be 
re-named, to bring them into line with the corresponding oxides of 
manganese, At the present time, cobaltic oxide, Co,0,, is indis- 
criminately called the sesquioxide and peroxide of cobalt. 

6. It is highly improbable that the formation of this green solution 
will prove to be of any use for the separation of cobalt from nickel, 
either quantitatively or qualitatively, We find that one part of 
cobalt can easily be detected by this peculiar reaction in 100,000 parts 
of water, provided, of course, no other substance is present which yields 
a coloured liquid. 

We are continuing our researches on cobalt, and hope to bring our 
investigations before the Society on some future occasion. 

We desire, in conclusion, to express our thanks to Messrs. John 
Kidd and Co., of Bow, for the facilities offered for the prosecution of 
this research, 
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March 31, 1897. 
Mr. Vernon Harcourt, President, in the Chair, 


Professor Couuie, F.R.S., and Dr. Wynng, F.R.S., were appointed 
Scrutators, and a ballot was opened for the election of Officers and 
Council for the ensuing year, the ballot being closed at the conclusion 
of the President’s address. 


The Longstaff Medal was then presented to Professor Ramsay for 
the discovery of helium, and for his share in the investigation of argon. 

The President said :— 

The medal which, by the generosity of Dr. Longstaff, it is the duty 
of the Council to award triennially to the Fellow of the Society who, 
in the opinion of the Council, has done the most to promote Chemical 
Science by research, has been awarded to Professor W. Ramsay for the 
discovery of helium and for his share in the investigation of argon. 

Professor Ramsay ;—at our Anniversary Meeting two years ago, when 
I had the honour of being elected to the chair which I vacate to-day, 
the Faraday Medal was presented by my predecessor to Lord Rayleigh. - 
Dr. Armstrong gave an account of Lord Rayleigh’s observations on 
the density of nitrogen and the inference which he drew from them, 
and then said “ The initial discovery of argon was thus made ; it was 
completed by the conjoint labours of Professor Ramsay and Lord 
Rayleigh, and to them chemists are indebted for the addition to our 
knowledge of a new substance.’”’ Those who were present will re- 
member also Lord Rayleigh’s expression of regret that another was 
not standing at his side. 

On the same occasion, the ordinary course of our proceedings was 
interrupted by another incident. We were told that Professor Ramsay 
had an important announcement to make. That announcement, which 
has since received abundant confirmation, was the discovery of helium. 
1 must not now enlarge upon the importance of the discovery and in- 
vestigation of these two elements, which has brought especial renown 
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to the British contingent of the great army of chemists. One of these 
elements partly fills the uncomfortable gap. in the series between 
hydrogen and lithium, there being still room for another element, 
which I hope Professor Ramsay may discover. Argon, on the other 
hand, can hardly find a place in the close array of the elements nearest 
to it in atomic weight. 

If I may say a word of disparagement, it is that these elements seem 
hardly worthy of the position in which they are placed. If other elements 
were of the same unsociable character, chemistry would not exist. 
Professor Ramsay,—my two years of office as President of this Society 
have brought me no greater pleasure than this of being entrusted with 
the duty of presenting to you the Longstaff Medal. 

The President then delivered the following Address :— 

At the end of my second and last year of office as President of the 
Chemical Society, my principal desire is to thank the Fellows of the 
Society, and especially my colleagues and the members of Council, 
for the kindness with which they have received and have aided my 
endeavours as Chairman to make all our meetings friendly and 
pleasant. The bonds which unite men who, working in different 
places at chemical research, or engaged in teaching, or in the in 
dustrial applications of chemistry, come together here to communicate, 
or discuss, or listen to what one and another has done, should have 
strength enough to make dissociation difficult and actual separation 
impossible. 

The state of the Society during the past twelve months, on which 
it is my duty to report, has been most satisfactory. Our numbers at 
the time of the last anniversary meeting were 2,019, exclusive of 
foreign members, they are now 2,080. Our meetings have always 
been well attended ; and, as usual, the difficulty in regard to them has 
not been that of providing sufficient matter of interest, but that of 
dealing with the number of papers which we receive. The plan which 
has been followed, of taking first those papers whose authors are 
present to read them, and, subject to this, of observing the order in 
which papers have been received, seems to work well. It may 
occasionally happen that a communication of unusual interest is sent 
to the Society shortly before a meeting, and in such a case it may be 
well for the President to exercise the power of regulating the order 
of the proceedings which our bye-laws confer upon him. The earliest 
possible information should be given on the list of titles of papers, 
printed in the Proceedings and suspended in our rooms, as to which 
papers are likely to be read at the next meeting. It would be under- 
stood that the announcement was only of what was probable, and 
that the order might be changed owing to the non-appearance of an 
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author, or for some other reason. If it were found possible to follow 
the plan which is adopted by the Royal Society and the British 
Association, of setting up in type the abstracts of papers which are 
received in good time by the Secretaries, and are approved by them 
for the Proceedings, and are likely to be read, copies of these 
abstracts might be laid on a table at our entrance by 2 P.M. on the 
days of our meeting. Fellows of the Society who were particularly 
interested in any paper might thus obtain copies of the abstract early 
in the afternoon, and others would take copies as they came to the 
meeting. Our discussions would gain greatly by this plan. Authors 
have often to condense their communications on the spur of the 
moment, and those who are listening may miss the points, and ask 
unimportant instead of important questions. Quite recently, the 
Secretaries have arranged that a shorthand writer shall be present to 
report our discussions. Such reports, duly edited, will add to the 
interest of the Proceedings, especially if, like the Civil Engineers and 
the Society of Arts, we send to each speaker the sentences with 
which he is credited, to be printed as they stand unless corrected and 
returned within a day or two. I have written down these suggestions 
as they have occurred to me while thinking over our meetings, but 
they are properly matters for the consideration of the Council, to 
whom, with apologies, I leave them. 

A year ago we were looking forward to the appearance, which had 
been delayed by causes which I then explained, of the account of the 
Proceedings at the Jubilee of the Society in 1891. A few months 
later, the volume was distributed to our Fellows. For the chief part 
of the work, the Society is indebted to Dr. Armstrong. Next to him, 
if I may single out one member of the co-operating Committee, our 
thanks are due to Professor R. Warington. 

Both Dr. Armstrong and the Society are also to be congratulated 
on the appearance, soon after our last Anniversary Meeting, of the 
discourses delivered in honour of Hofmann, who was at one time the 
life and soul of this Society, by Lord Playfair, Sir F. Abel, and Dr. 
W. H. Perkin, and the “ Notes”—worthily occupying 100 pages 
of our Transactions—by Dr. Armstrong, on ‘‘ Hofmann’s Scientific 
Work.” 

During the past year, we have listened to discourses in honour of 
the two famous men, Lothar Meyer and Pasteur, to whose death I 
referred last year. Professor Bedson gave us a most interesting 
account of the life and work of Lothar Meyer; and less than a week 
ago, the largest audience I remember in this room heard with unflag- 
ging attention Dr. Percy Frankland’s account of Pasteur. It was, I 
Suppose, a long lecture, for it occupied two hours and a quarter ; yet 
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it was in every part a brief but clear account of the various work of 
that wonderful man. 

Another of the leaders in Chemistry, August Kekulé, died last year 
on the 13th of July. It marks at once his position as a founder, and 
the comparatively recent origin of chemical theory as we now think 
of it, to be reminded that just forty years ago Kekulé proposed the 
addition to Gerhardt’s three types—hydrogen chloride, water, and 
ammonia—of a fourth type, marsh-gas. From considering the valency 
of radicles, he passed to the valency of the elementary atoms, and 
inferred, from a review of the composition of compounds containing 
one atom of carbon, that the carbon-atom was tetravalent. In 1858, 
Kekulé became Professor at Ghent, and three years later published 
the first volume of his masterly Lehrbuch der organischen Chemie, a 
book whose excellent arrangement and clear style made a strong 
impression on those who were then beginning the study of organic 
chemistry. It was in 1865 that Kekulé presented to the chemical 
world the suggestion of the benzene ring, a suggestion which has guided 
and aided the investigation of the aromatic compounds in an extra- 
ordinary degree, and, with small and consistent adaptations, has still 
served to express, and by analogy to explain, nearly all the observa- 
tions on these compounds which have been made since it was proposed. 
Beyond the mention of these facts, I will not attempt to sketch 
Kekulé’s career. A Memorial Lecture on his life and work will, we 
hope, be given by Professor Japp. 

The Minutes of Council during the past year contain a record of 
useful work, but not many items of special interest. A Committee 
was appointed, at the instance of the Treasurer, to consider the cost 
of printing our Transactions and Abstracts, and on their report the 
Council decided, after obtaining tenders both from Messrs. Harrison and 
Messrs. Richard Clay and Sons, to transfer the printing to the latter 
firm. I believe the Treasurer will tell you that a considerable economy 
will result from this measure, without any detriment to our Journal. 
It may be well to repeat here that which we wish to come to the ears 
of other benefactors of science, that in the beginning of the year we 
received from Mr. J. J. Tustin the magnificent donation to the Research 
Fund of a thousand guineas. 

Although the bye-laws only direct that the President shall present 
a Report on the state of the Society, and although the present occasion 
is not very favourable for asking attention to a Scientific Paper, I have 
thought it right to follow the example of my predecessors by preparing 
a short communication of this character. 
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A Few Thoughts on the Question whether the Changes which Matter 
undergoes are different in their Nature. 


The old doctrine was that various kinds of change were to be dis- 
tinguished. When water froze or boiled, the change to ice or steam 
was a change of state. When salt dissolved in water, that was simple 
solution ; when magnesia dissolved in hydrochloric acid, that was 
chemical solution. Water could combine with substances in different 
ways, as water of erystallisation, as water of hal-hydration, as consti- 
tutional water. Some changes were only from the amorphous to the 
crystalline form, or vice versd; some only from one allotropic variety 
to another. Lastly, there was, and is, the distinction between dissocia- 
tion and decomposition, and, I suppose therefore also, between the 
re-association of the products of dissociation and the re-combination 
of the products of decomposition. 

I venture to suggest that all these changes may be of the same 
nature, consisting in the change of molecules of one kind into mole- 
cules of another kind, the two kinds differing in the nature, number, 
or arrangement of the atoms of which they consist. ; 

- I will say a few words in regard to each of these changes in the 
order in which I have named them. 

When hydrogen and oxygen interact, and, by a breaking up of 
molecules of oxygen and the distribution of their atoms, molecules of 
hydrogen are transformed into molecules of steam, there is a great 
evolution of heat. When the temperature of the steam has fallen to 
100°, a further change sets in, probably polymerisation ; this change 
also is accompanied by a considerable though much smaller evolution 
of heat. When the temperature of the water has fallen to 0°, a third 
change, probably a further polymerisation, occurs with a further evolu- 
tion of heat. As with the olefines, as with cyanogen and paracyanogen, 
the substance consisting of the smaller molecules is gaseous, while the 
higher polymerides are liquid or solid. And as with water, so with 
other substances which change when they are heated from solid to 
liquid and to gas. It does not seem improbable that such condensation 
or unification of molecules should be a form, and a very common form, 
of chemical change. 

I must touch lightly on the great question of solution. I used to 
explain to my class that substances could be liquefied in two ways, by 
raising their temperature or by placing them in contact with another 
liquid ; that in the latter case, by the intervention and penetration of 
the liquid, the particles of the solid were dispersed, till it also became 
a liquid or something very like one ; so that no certain distinction 
could be drawn between, for example, a solution of saltpetre in water 


ANNUAL GENERAL MEETING. 


and a mixture of water with another liquid such as nitric acid. | 
now think no distinction can be drawn between simple solution and 
other cases of chemical change. The soluble substance combines with 
water, forming a liquid hydrate, or probaby two or more liquid hydrates 
whose composition and proportion vary with the concentration of the 
solution. Heat is produced by the combination of the two substances ; 
heat is absorbed by the liquefaction of the solid; and the net result 
may be positive or negative. On evaporation or cooling down, the 
solid reappears, sometimes the hydrate is decomposed, sometimes the 
water remains combined ; and in this case that which separates is a 
solid hydrate, often decomposable by a gradual increase of temperature 
into other definite compounds in which the proportion of water is less. 

There is, however, a grave objection to supposing that such a poly- 
merisation of molecules of water occurs, and that hydrates with many 
molecules of water are true chemical compounds. The objection is that 
molecules of water, as we write their formula, are saturated compounds, 
and cannot be bonded together to form such polymers and hydrates. 
The reply may be given that in carbonic oxide oxygen is tetravalent, 
that it therefore may be so in other cases, that the readiness with 
which water attaches itself to other molecules makes it unlikely that 
it has no available bonds, and that it is easy to formulate polymers of 
water and polyhydrates with tetravalent oxygen, and, in the former 
case, with the well-established device of a closed chain. 


H H 
» 2 
H A H H H 
For example, O dog . Cl— 0.- -Ba—-O—Cl. 
HY \o” “H S es * 
Jim 
H H 


The latter of these odd-looking formule might perhaps gain some 
favour from its suggestion of ionic dissociation. But the true answer 
seems to me to be that we must not slur over such a fact as the forma- 
tion of definite compounds with water, nor place this change and these 
compounds in a separate class, because hydrates, like many other com- 
pounds, are unstable, and because they seem to lie outside of a system 
of representation which embodies some great generalisations, but is 
not likely to be in its final form. 

That no distinction can be drawn between the nature of the change 
by which vitreous arsenious oxide passes to crystalline, or prismatic to 
octohedral sulphur, or white to red phosphorus, and that of any other 
chemical changes is no longer in dispute. The study of isomerism has 
thrown back light upon these problems, The new molecule differs 
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from the old in the number or arrangement of its atoms, 
duction of a different molecule is a chemical change. 

I copy from a recent book on Law and Theory in Chemistry the 
following definition and illustration of what dissociation is. 

“A dissociation is a reversible decomposition. When KCIOQO, is 
heated it decomposes into KCl and 30, for these two substances do not 
recombine on cooling to re-form potassium chlorate. When PCI, is 
heated, it dissociates into PCI], and Cl,, because these two gases as 
they cool in contact combine together completely to re-form PCl,.” 

Does the customary distinction, as here stated,imean that there are 
two different kinds of chemical change? The destruction of a fabric 
may be the same event whether it is easily rebuilt with the materials 
which have been displaced, or whether from some external circum- 
stance it cannot be rebuilt at all. A journey is the same journey 
whether I go with a return ticket, or whether I cannot return by the 
same route. 

Let us apply the definition to some other cases of chemical change. 
When barium dioxide is strongly heated, it is dissociated, not decom- 
posed, for, as its temperature falls, it will again absorb the oxygen 
which it has lost. When hydrogen dioxide is heated, it is decomposed, 
not dissociated, for it will not take up the oxygen again. Similarly, 
when oxide of mercury is heated it is dissociated, for at a lower 
temperature the elements recombine, but oxide of silver is decom- 
posed. When calcium carbonate is heated, it is dissociated, for if 
the lime and carbonic acid are kept together they will gradually 
unite ; when copper carbonate is heated, it is decomposed, for carbonic 
acid does not combine with oxide of copper. When ammonium chloride 
is heated without special precautions, it is dissociated ; but when shut 
up in a vessel in an absolutely dry condition and then heated, it is de- 
composed ; for Mr. Baker tells us that ammonia and hydrogen chloride, 
when they are quite dry, do not combine. 

I think that the distinction which I have thus tried to illustrate 
cannot be maintained. A change is not less a change, nor is it another 
kind of change, according to the degree of facility or directness with 
‘which it can be reversed. As synthesis advances, the number of irrever- 
sible decompositions becomes less. It may be convenient to have a 
second term such as dissociation to apply to cases of decomposition 
which are brought about by simple means or are easily reversed; but 
we should keep before us that there are not two ways in which a 
molecule may be broken up which we know to be in their nature 
distinct the one from the other. 

The present position of the Society in regard to the number of 
Fellows will be seen from the following tabular statement— 

VOL, LXXI, ss 


The pro- 
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Number of Fellows, March 31st, 1896 .................. 2,019 
i ss SINGS CLOCTEM .........0.sccceceeseoees 130 
9 » reinstated by Council ............ 7 
2,156 
Removed on account of non-payment of two 
annual subscriptions ..............sceeeseeeeees 25 
PI. i sthoiessvvcninsductotisighepeuas teens 29 
SI Gecinhtas casciccsnssielth pee beees ened limeaiens 23 77 
Number of Fellows, March 3lst, 1897 .................. 2,079 
I TID ane chien sihcteenicrncdienercninaniaeenenee 27 


The names of those removed were :—P. T. Adams; Hugh Barclay ; 
Thos. Cockerill ; Thos. Chambers; 8. M. Copeman ; C. A. Heywood ; 
John Holliday ; A. P. Hope ; J. J. Howitt ; J.R. Kaye; L. R. Lenox ; 
O. A. B. Lowman; J. G. Mactaggart; H. J. Monson; F. C. Moor- 
wood ; Perey Morton; Ivan Shopoff ; E. H. Smith ; T. B. Stillman ; 
C. A. Stitt ; Prof. Tanner; G. de R. Thompson; F. W. Westaway ; 
W. A. Whiston ; D. Wilkinson 

The following have withdrawn :—F. T. Bond ; T. Coomber ; C. L. 
Field ; A. E. Fletcher ; C. C. Grundy ; E.C. Henning ; G. 8. Johnson ; 
W. H. Joseland ; C. J. Leaper; J. H. Maiden ; J. W. Marshall ; John 
Morrison ; H. W. Morrow; J. A. Nettleton; J. C. Oman; C. 8. duR. 
Preller ; Lawrence Priestley; H. H. Robjohns; H. C. Sacré; W. S. 
Saunders ; V. P. Sells; R. de F. Shepherd ; R. Stockdale ; Frederick 
Tetley; J.C. Thresh; A. H. Turton; Geo. Watson ; F. Whiteley ; 
C. Willmore. 

The following have died:—I. M. T. Anderson; John Curragh; 
Captain Marshall Hall; G. Harley, F.R.S.; James Hart; John 
Hughes ; W. Lapraik, Ph.D.; J. B. L. Mackay; A. H. Mason; 
H. A. Nott; Baron F. von Mueller, F.R.S.; W. J. Palmer; Sir J. 
Prestwich, F.R.S. ; Edward Rawlins ; G. F. Schacht ; James Scorgie ; 
T. Shimidzu ; T. J. Smith ; Charles Tomlinson, F.R.S.; W. H. Walenn ; 
Richard Weaver ; W. H. Wood; T. G. Wormley, M.D. 

The number of communications made to the Society during the year 
was 173. 

One hundred and seventeen papers and 3 Memorial Lectures were 
published in the Transactions for 1896, occupying 1702 pages, whereas 
in the preceding year 116 papers were published, occupying 1172 
pages. 

The following statistics relating to our Abstracts have been furnished 
by the Sub-Editor, who reports that the number of Abstracts is con- 
siderably greater than in any previous year. 
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Part I, 
Pages. No. of Abstracts. 
CINE oes cccncsscesivnesscscsseeness 716 1201 
Part II. 
General and Physical Chemistry ............... 319 
NE aches nceisncnsinesscvasenssses 287 
Mineralogical Chemistry..................:02020005 267 
Physiological Chemistry...................:..0005 182 
Chemistry of Vegetable Physiology and Agri- 
ES dike entirevncesedinnsesscncacccsicswesans 153 
Analytical Chomistry:.................sc0csseeesere 430 
NE Set ceo skascinsstartecs Hun 684 1638 
eG | Fae eeererrrer een 1400 2839 


This is an increase of 347 Abstracts on the preceding year, 1895, or 
of 434 Abstracts on the average of the preceding five years. 

Eight hundred and fifteen volumes had been borrowed from, and 
163 books, 310 volumes of periodicals, and 24 pamphlets added to the 
Library. 

Professor Op.ine, F.R.S., proposed a vote of thanks to the President, 
coupled with the request that he would allow his address to be printed 
in the Transactions. 

Dr. FRANKLAND, F.R.S., seconded the motion, which was carried by 
acclamation. 

The Presipent having returned thanks, 

Dr. THorpe, F.R.S., the treasurer, gave an account of the balance 
sheet, which he laid before the Society, duly audited. 

The receipts had been :—By admission fees and subscriptions, 
£4134; by sale of Journal and advertisements, £702 14s. 9d.; and by 
dividends on invested capital, £415 10s. 6d. The expenses had been : 
—On account of the Journal, £3089 8s. ld.; on account of the 
Proceedings, £237 18s. 1ld.; on account of the General Index, 
£464 3s. 9d.; on account of the Library, £355 2s. Od.; on account 
of the Jubilee, £336 12s. 1d. ; House expenses £199 17s. 4d. ; the total 
expenditure being £5385 4s. 7d. Grants amounting to £308 had 
been made to Fellows from the Research Fund during the year. 
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THE TREASURER IN ACCOUNT WITH THE CHEMICAL 


Dr. 


Balance at Bank, March 21st, 1896 .......c..cscesceseeeseees 
»» imhands of Treasurer ...... .....0+ cone ‘ 
Receipts by Life Compositions, Admission Fees and Subscriptions from 
March lst, 1896, to March 27th, 1897 :— 
Life Compositions—5 at £30 ; 1 at £28 5 lat amy 4 at £15; i - pees 3 at — 
129 Admission Fees ........ ccc coc eoeeenennese sceve 
12 Subscriptions for SI scccksassemeisinde o mien 
46 99 UBDG 55 BBeccecss.ccoserccssceseccccesovsenee 
eas Mi oiinivcsotinenss 


Sale of Journals .. ee rs 
Proceedings .. dentlens 


” 


Proceeds of Advertisements | in Journ: nal iy addinivae ia maiaianiad cid dinate paensvensesoes 


Subscription from the Society of Chemical Industry to June, 1896 . 


” ” 
” 3? 


Phy sical Society to January Ist, 1897... 


Repayment of Income Tax.. 
Year’s Dividends on £6,730 Metropolitan Board of Works 8h per cent. ‘Stock . 


” ” £4,000 Consols... 
” %» £1,050 London and North-Western “Railway Debenture Stock 
£1, "520 14s. 3d. — whenencectinecicie — espeseecesosen “ 


Interest on £i, 000 Bank Deposit .. 


di 


Assets. 
March 27th, 1897. 


Balance at Bank (Current Account) 
(on Deposit) 


London and North-Western Railway Converted Stock ? "050 0 
Cardiff Corporation 3 per cent. Stock cccvesscocee 1,020 14 


£15,212 12 


Gaiceoocoococw 


Public Analysts to January 1 m 1897 DT snens en 


cooococo 


— 


989 17 7 
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SOCIETY, rrom Marcu 21st, 1896 To Marcu 27TH, 


Expenses on Accownt of the Journal. 


Salary Of Editor ... 0000000» 
Sub-Editor .. _ 
Sub-Editor’s ‘Assistant 


” 
” 
Bditorial Postages .... ° 
Translation for “Sub- Editor 
Abstractors’ Fees ...... oe 
Periodicals for Abstractors. oon 
Printing of Journal...... . (Harrison, “£), 546 16s “lid. ; ; Clay & ‘& Sons, £210 Is. s. 2d.) 1, rar 0 
Distribution of Journal ‘by Printers ......... 
sctnind ae 
Authors’ Copies ....... 
Indexers’ Fees (1896 Index) . 
Foolscap for Indexers.. 110 
Photogravure Portraits... ‘. (elmholtz, “£24 16s. 6d. ; Le ‘Meyer, ‘£24 168. 6a.) 49 13 


—— i —  —) 


Printing of Proceedings... .. (Harrison, £151 4s. ; Clay & Sons, £20 7s, 9d.) 17111 9 
Distribution of Proceedings, List of -- omanandea Charter and sei Laws .... j 
Helmholtz Lecture, Shorthand Report... “ sneer sisal 


Publishers’ Commission 
Advertising Agents’ Commission 


Expenses on Account of the General Index. 


HalarxieS .........ccece:covceccvecceccscceccvcsesee sss sscese cee ceeses ceceee eee senses ser eeeeesesess eevee enoeecees 
DOREY GEDGRGOS .00000s0000s00 c0sdnseescseesce8 
On Account of Printing (Clay & Sons 


Expenses on Account of Jubilee. 


Jubilee Volume, Printing - ~-sgmmntad 232 13 8 

Distribution .. s dsli ia Aauibnaas Siaa in anebes uno —mmiein tc © 
Portrait of Professor GEERT ..50r000- do waeecinaebonwsieousialcngbeabiciveanas:-— Gat ann ae 
Disbursements on Account of Dinner ‘and | Soirée e. siidiesaniceirantseidahctibinswaddin-cilidididiaiinjis a 


Expenses on Account of the Library. 
Salary of Library Attendant .........sccccccsscesssesssteeersserseeerseneeeeeeeeeeneeceesee ses eee ensees 
Books and Periodicals 0+... +seseeses eee . ° 
Bioding’ EXP€NS€S ccccescseceeeee 
New Shelves ‘and ‘Fitting F cseceessesen sce sees 
Salary of Assistant Secr piven 
Pematon 00 Br. TIAN cc... ccccce eves an a 
Miscellaneous Printing .............. ~ Giartison, “£27 ‘lbs. 85 Clay & Sons, £9 11s.) 
Printing List of Fellows . Ssencpeusecs pe sessevemunctibans beeieseeenonieinn 
Printing Wrappers (Clay & Son 
Stationery .. 
Congratulatory ‘Addresses : Prof. Cannizzaro and Lord Ke 


House Expenses. 


Providing Refreshments... scspialea dalealdaatiasdagsi aia a taeapeindan iene babaanaiimaaiadis 
Lighting the Building... seco . (Gas, £20 14s. 10d.; Electric Light, £23 17s, 6d.) 
Heating the Building (Coats) . Senaksanacabeenene Iarssouonecnubagpesebeukereessvebienivernsisnnedl 
Cleaning ‘ - she 
Repairs .. speanseeeei 
Petty House xpenses ee 
House Porter’s Wages AIRY 5 Sie PERE ee Somat ~ Ae mee 

IER cs. cendesnancicdabetonacdepeden ties suslebvcobaniibeceseesteterabibnasmboessladyee 
Annual I 6 costatiheulalpesinanemainenonaitibinaubell 
RONAITODE TEGUDD TI oss cn cssensscscsosenseosetoneseevie ° obec ove 


COACH KOnmen 


Bankers’ Commission... cibeedisices pucesnect tie @hiisad sidenesoestanecbenmonannseniidan 
Treasurer’s Stamps and Drafts Se eer rer ee ee 
” Petty Cash Disbursements.. sdiasaearsaitinestneivete cisternae ‘ 
Assistant..... eoeeee 
Office Postage Account : Embossed. ‘Stamps e "years), “£43 ‘lbs. ; Office Postages, 
£17 15s. ; Postal Cards and poenension oe ncnenaesiin £20 68, Cdescveeees 
Secretarial Postages nae ae 
Balance at Bank (Current “Account) .. RS Snes ee sininans 
” IN hands Of TLEASUTET ......000000000cv00r0ccccce cov cee ver ccecvevec ccc cee ees coecee 


found correct. JOHN SHIELDS. 


Audited with vouchers and { H. BRERETON BAKER, 
March 27th, 1897. F. D. CHATTAWAY. 
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Sir F. Apert, F.R.S., proposed that the thanks of the Fellows be 
tendered to the Treasurer for his services during the past year; this 
motion was seconded by Mr. Puirson Beate, Q.C., and carried. 

The TREASURER, in responding, proposed a vote of thanks to the 
auditors. 

Mr. J. H. M. Pace seconded the motion, which was unanimously 
adopted, and acknowledged by Mr. H. B. Baker. 

Dr. W. J. Russet, F.R.S., proposed a vote of thanks to the Officers 
and Council. 

Professor T1LpEN, F.R.S., seconded the motion, which was unani- 
mously adopted. 

Dr. Dyer responded on behalf of the Council. 

Professor H. B, Dixon, F.R.S., proposed a vote of thanks to the 
Editor, Sub-Editor, Abstractors, and Indexers, which was seconded by 
Mr. FRiswEtt and carried. 

Mr. Groves, F.R.S., responded. 

The Scrutators having presented their report to the President, he 
declared that the following had been duly elected :— 


President: James Dewar, M.A., LL.D., F.R.S. 

Vice-Presidents who have filled the office of President: Sir F. A. Abel, 
Bart., K.C.B., D.C.L., F.R.S. ; H. E. Armstrong, Ph.D., LL.D., F.R.S. ; 
A. Crum Brown, D.Sc, M.D., F.R.S.; W. Crookes, F.R.S.; E. 
Frankland, D.C.L., F.R.S.; Sir J. H. Gilbert, Ph.D., F.R.S,; J. H. 
Gladstone, Ph.D., F.R.S.; A. Vernon Harcourt, M.A., D.C.L., F.R.S. ; 
H. Miller, Ph.D., F.R.S.; W. Odling, M.B., F.R.S.; W. H. Perkin, 
LL.D., Ph.D., F.R.S. ; Lord Playfair, Ph.D., K.C.B., F.R.S. ; Sir H. E. 
Roscoe, LL.D., F.R.S.; W. J. Russell, Ph.D. F.R.S.; A. W, 
Williamson, LL.D., F.R.S. 

Vice-Presidents: Francis Robert Japp, M.A., Ph.D., LL.D., F.R.S. ; 
Ludwig Mond, F.R.S. ; William Ramsay, Ph.D., F.R.S.; J. Emerson 
Reynolds, D.Se., F.R.S.; W. Chandler Roberts-Austen, C.B., F.R.S. ; 
William A. Tilden, F.R.S. 

Secretaries: J. Millar Thomson; Wyndham R. Dunstan, M.A., 
F.R.S. 

Foreign Secretwry : Raphael Meldola, F.R.S. 

Treasurer : T. E. Thorpe, LL.D., F.R.S. 

Other Members of Council: P. Phillips Bedson, D.Se.; Bennett 
Hooper Brough; Otto Hehner; OC. T. Heycock, M.A., F.RS. ; 
Herbert McLeod, F.R.S. ; Rudolph Messel, Ph.D. ; H. Forster Morley, 
M.A.; James Wyllie Rodger; T. Kirke Rose, D.Sc.; Alexander 
mee M.A., D.Sc.; Arthur Smithells, B.Sc.; Sydney Young, D.Sc., 

The question having been raised as to whether the number of votes 
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cast for each candidate for the~ Presidency should be declared, the 
PRESIDENT stated that this had not been the custom, but he would 
take the sense of the meeting on the point. A majority being in 
favour of a declaration of the numbers, the PREsipENT conferred with 
the Serutators and then stated that there was a difficulty in announcing 
the numbers, owing to a question having arisen in reference to the 
validity of certain voting papers, in which the instruction to erase 
the printed name had not been complied with. 

Inasmuch as the rejection of these irregular papers would only increase 
the majority and not affect the result of the election, and as the 
PRESIDENT was informed by the Scrutators that the announcement 
of the numbers would involve recounting the votes, he suggested 
that the Fellows should be content with the Scrutators’ report. The 
ruling of the President as to the validity of the irregular papers having 
been requested, he stated that a decision on this point was not needed 
for the election, but that he thought the papers were invalid. 

Questions having been asked as to the bye-laws governing the elec- 
tion, the PrestpENT stated that the election had been conducted in strict 
accordance with the bye-laws, and he therefore declared the election 


valid. 
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LXI.—Explosion of Chlorine Peroxide with Carbone 
Oxide. 


By Harotp Barty Drxon, M.A., F.R.S., and Epwarp Joun RvssELL, 
B.Se. 


In a paper recently published in the Jowrnal of the Chemical Society, 
“ On the mode of formation of Carbonic Acid in the burning of Carbon 
Compounds” (Trans., 1896, 69, 774), experiments are described on the 
resistance offered by well-dried carbonic oxide to oxidation. It was 
shown that, in the explosion of a mixture of carbonic oxide with other 
burning gases, such as cyanogen and carbon bisulphide, the carbonic 
oxide was not completely burnt, although the flame traversed the mixture 
and there was more than enough oxygen for the complete combustion 
of both gases. 

The view put forward by Lothar Meyer and by Beketoff, that the 
dried mixture of carbonic oxide and oxygen resisted explosion owing 
to the high stability of the oxygen molecule, led to experiments being 
made with a dried mixture of carbonic oxide, oxygen, and ozone. But 
when it was found that a mixture containing 36 per cent. of carbonic 
oxide and 8 per cent. of ozone was not fired by a powerful electric 
spark, it became difficult to attribute the resistance to the stability of 
the oxygen. : 

On the other hand, it was found that cyanogen, when exploded with 
an excess of oxygen, was entirely burnt to carbonicacid. The carbonic 
oxide formed in the wave-front is slowly but completely burnt to car- 
bonic acid behind the wave-front. In an interesting experiment made 
by Professor Smithells, in his flame separator, he found that cyanogen 
was burnt to carbonic oxide in the inner cone, and this carbonic oxide 
would burn in dried air when the outer and inner cones were close 
together, but that the outer flame was extinguished in dried air when 
the cones were separated by a considerable interval. It would appear 
from these results that carbonic oxide, when just formed by a 
chemical reaction, was readily oxidisable. 

Would oxygen just formed by a chemical reaction show the same 
activity towards carbonic oxide ? 

To put this question to the test, we have exploded a well-dried mix- 
ture of carbonic oxide and chlorine peroxide. Dry chlorine peroxide 
can be “ detonated” in a tube when mixed with an inert gas, breaking 
up into chlorine and oxygen, so that when it is fired in presence of 
carbonic oxide, the latter is intimately mixed with highly heated 
oxygen in the “ nascent state.” 

VOL. LXXI. .. 
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The chlorine peroxide was prepared by heating on a water-bath a 
mixture of finely powdered potassium chlorate and sulphuric acid (one 
of pure acid to one of water) ; the gases evolved contained about 30 
per cent. of oxygen, but only a trace of chlorine. Previous experience 
had shown that it was much safer to work with this gas than with 
the pure peroxide. 

To hold the mixture of chlorine peroxide and carbonic oxide, the 
eudiometer shown in the figure was prepared. 


so 


Tube with anhydrous Eudiometer with P,O;. Sample Tube. 
CuSO, 


It consisted of a tube of soft glass, with a constriction on each 
side of the platinum wires. After the tube had been thoroughly 
cleaned and dried, it was packed with sticks of phosphoric oxide ; the 
ends were then drawn out and the taps sealed on. In order to pre- 
vent any phosphoric oxide from getting on to the wires, a very fine 
plug of glass wool, which had been previously washed, and dried at 


200°, was placed at the constriction on either side of the platinum 
wires. Such a plug of glass wool was found not to hinder the passage 
of the flame. The tube was then heated for several hours while a 
slow current of dried oxygen was drawn through it in order to oxidise 
any lower oxide of phosphorus. 

The mixture was made by allowing carbonic oxide, from a sulphuric 
acid gas-holder, and chlorine peroxide from the generating flask (which 
was kept enclosed in a box) to bubble through two tubes of the same 
size into a wash-bottle containing sulphuric acid. By counting the 
bubbles, and by manipulating a screw-clip on the tube delivering the 
carbonic oxide, it was easy to obtain the desired mixture. This mix- 
ture was passed through a drying tube containing anhydrous copper 
sulphate into the eudiometer tube, and then through a small tube 
beyond, which enabled a sample to be collected for analysis. 

All the joints were made by sealing the glass vessels together. 
Experience showed that even paraffin connections sometimes caused 
explosions. Once or twice, even as it was, the whole apparatus was 
completely pulverised by a premature explosion. To prevent the 
lighter air from being trapped in the apparatus, the tubes were 
arranged in a sloping position, and the heavy mixture was passed 
from below upwards. 

After the gases had been allowed to pass through the apparatus for 
about an hour, all the taps were turned off, and the eudiometer was 
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separated by cutting the connecting tubes. It was then put away in 
a dark cupboard and left for several days. 

An analysis of the gas collected in the sampler showed that the gas 
stored in the eudiometer had approximately the composition : 


Chlorine peroxide 
Carbonic oxide 


Experiment I.—The mixture stood drying for 6 days. No alteration 
was apparent in the colour of the gas. 

On passing a spark, a pale blue flame traversed the tube. 

The gas was decanted and allowed to stand over a solution of 
potash; a spark was then passed through the residual gas, which 
exploded violently. Analysis showed that the residue, after the ex- 
plosion of the chlorine peroxide, contained 29 per cent. of carbonic 
oxide, so that of the carbonic oxide originally present, nearly 50 per 
cent, remained unburnt. 

Experiment II.—The mixture stood drying for 15 days. No altera- 
tion was apparent in the colour of the gas. 

On passing a spark, a blue flame traversed the tube, and lingered 
some time at the end of the tube. 

The gas was decanted and allowed to stand over a solution of 
potash ; a spark was then passed through the residual gas, which 
exploded violently. Analysis showed that the residue, after the ex- 
plosion of the chlorine peroxide, contained 42 per cent. of carbonic 
oxide, so that of the carbonic oxide originally present, 76 per cent. 
remained unburnt. 

In each experiment there was sufficient chlorine peroxide to burn 
almost all the carbonic oxide, without the aid of the free oxygen. 

Our results, therefore, do not favour the view that oxygen just 
liberated from a compound is more active than ordinary oxygen in 
attacking carbonic oxide at a high temperature. 


Owens COLLEGE, 
MANCHESTER. 


LXII.—Hydrolysis of Perthiocyanie Acid. 


By F. D. Caatraway, M.A., Christ Church, and H. P. Srevens, B.A., 
St. John’s College, Oxford. 


WueEn potassium thiocyanate is treated with sulphuric acid, many 
different substances are produced ; thiocyanic acid, however, is always 
first liberated, and then reacts in various ways, determined by the con- 


ditions"of the experiment. 
TT 2 
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The best known reaction, which is usually represented as a simple 
hydrolysis of thiocyanic acid, is that by which carbon oxysulphide is 
commonly prepared. Potassium thiocyanate is dissolved in moderately 
concentrated sulphuric acid, and the solution heated until a steady 
stream of the gas is evolved. Other actions, however, go on to a very 
large extent, and the carbon oxysulphide is invariably mixed with carbon 
dioxide, sulphur dioxide, hydrogen cyanide, and carbon bisulphide. 

We have observed that, in addition to these, a considerable amount 
of thiourea is produced, this thiourea being a decomposition product 
of perthiocyanic acid, which is always formed in considerable quantity 
when acids act on thiocyanates, and the present research deals mainly 
with this decomposition. 

About the year 1821, Wéhler (Gilbert’s Annalen, 69, 271), then a 
medical student at Heidelberg, attempted to prepare thiocyanic acid by 
allowing either sulphuretted hydrogen or gaseous hydrogen chloride to 
act on mercuric thiocyanate. He noticed that an oily liquid was formed, 
which he assumed was thiocyanic acid, and that this rapidly decomposed 
into hydrogen cyanide and a yellow, sparingly soluble, substance. 

Liebig, in 1834, noted (Annalen, 1834, 10, 8) that a similar yellow 
substance was produced together with carbon bisulphide when gaseous 
hydrogen chloride was passed over molten potassium thiocyanate. 

Volckel, in 1842 (Annalen, 1842, 43, 76), showed that this yellow sub- 
stance is identical with that obtained by the action of any strong mineral 
acid on an aqueous solution of a thiocyanate. In this action, many other 
compounds were observed to be formed, among them being carbon dioxide, 
sulphur dioxide, carbon bisulphide, sulphuretted hydrogen, and hydro- 
cyanic acid. The yellow substance was found to be a feeble acid having 
the formula H,N,C,S,, the decomposition by which it is formed being 
exactly that observed earlier by Wohler in the case of anhydrous thio- 
cyanic acid. Vdélckel noticed, further, the curious action which alkalis 
have on this compound, free sulphur being liberated. 

Glutz, in 1869 (Annalen, 1870, 154, 40), reduced perthiocyanic acid 
both with hydriodic acid and with tin and hydrochloric acid, and ob- 
tained carbon bisulphide, thiourea, and sulphuretted hydrogen. 

Fleischer (Annalen, 1875, 179, 204), in 1875, in consequence of 
Volckel’s statement that sulphur is produced when alkalis act on per- 
thiocyanic acid, reinvestigated the action. He found that, on heating it 
with alcoholic potash, or on fusion with potash, perthiocyanic acid was 
converted into potassium thiocyanate and sulphur, but that with cold, 
aqueous potash the potassium salt of another acid, which he termed 
dithiocyanic acid, was produced, sulphur being precipitated. Steiner, 
in 1882 (Ber., 1882, 15, 1603), proved that when perthiocyanic acid is 
treated with a solution of potassium cyanide, hydrogen cyanide is. libe- 
rated, and potassium thiocyanate formed. 
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Klason (J. Pr., 1888, [ii], 38, 364), in 1888, published a long paper 
on perthiocyanic acid, which consists mainly of speculations very inade- 
quately supported by experimental evidence. 

Papers have also been contributed by Nencke and Leppert, Letts, 
Atkinson, and Clermont. 

When fairly strong sulphuric acid, density 1°25, is added to potas- 
sium thiocyanate, thiocyanic acid is liberated; a portion of this is 
always vaporised, but the greater part undergoes decomposition with 
formation of perthiocyanic acid and hydrogen cyanide, nearly all of 
the latter, however, being hydrolysed to formic acid and ammonia. 

Perthiocyanic acid has the empirical formula H,N,C,S, and its simple 
structural units, several of which must be contained in the molecule, 
are probably formed by three molecules of thiocyanic acid uniting into 
a chain, hydrogen cyanide being eliminated. 


3HNCS = H,N,C,8, + HON. 


There is little doubt that perthiocyanic acid has the iso-structure, 
its hydrogen being united to nitrogen, and it has been termed hydro- 
xanthene ; but considering the insufficient evidence which Klason brings 
forward in favour of the existence of an isomeric compound having the 
normal structure, we have retained the original nomenclature. 

Perthiocyanic acid is easily hydrolysed either by heating with water 
under pressure or by heating with strong sulphuric acid, thiourea, 
carbon oxysulphide, and sulphur being formed. 


H,N,C,S, + H,0 = CS(NH,), + COS +8. 


As, however, the action only takes place at a comparatively high 
temperature, one or more of these products is invariably decomposed. 

When perthiocyanic acid is heated with water at 200° in sealed 
tubes, the action represented above may be considered to take place 
first, but at the high temperature the thiourea is transformed com- 
pletely into ammonium thiocyanate, whilst the carbon oxysulphide re- 
acts with water, giving carbon dioxide and hydrogen sulphide. 


CS(NH,), =NH,°NCS COS+H,O0 =CO,+H,8. 
So that the final action may be represented as 


H,N,C,S, + 2H,0 =NH,-NCS + CO, + H,S+8. 


When perthiocyanic acid is heated with 60 per cent. sulphuric acid, 
a similar hydrolysis must also take place ; a certain amount of the 
thiourea, however, escapes transformation, but the sulphur and carbon 
oxysulphide are oxidised by the hot sulphuric acid, sulphur dioxide 
and carbon dioxide being produced. 

The thiourea found among the products of the action of strong sul- 
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phuric acid on potassium thiocyanate is without doubt formed in this way 
by the action of the strong acid on the perthiocyanic acid first produced. 

The molecule of perthiocyanic acid is, in all probability, much 
larger than H,N,C.S,, which is the simplest possible, several of these 
constituent groups uniting to formit. The very slight solubility of 
perthiocyanic acid in all solvents, and the fact that it does not melt 
at any moderate temperature, justify this conclusion. Since the mole- 
cule must be a large one, hydrolysis probably goes on progressively, and 
it may be such a process of partial hydrolysis that gives rise to the more 
soluble substances containing a smaller percentage of sulphur which 
are always formed to some extent both in the preparation of perthio- 
cyanic acid and by the action of strong sulphuric acid on it. The 
latter have been regarded as mixtures of perthiocyanic acid and dithio- 
cyanic acid, but are more probably products of hydrolysis intermediate 
between perthiocyanic acid and thiourea. 

Perthiocyanic acid is so stable, that oxidising agents which attack 
it are generally able to decompose completely the first products of 
the action. Oxidation, however, appears always to be preceded by hy- 
drolysis, as the substances which have been recognised among the 
products of such actions, namely thiourea, ammonium thiocyanate, 
dicyandiamide, carbon oxysulphide, and carbon dioxide, are exactly 
those which would be expected if this were the case. 


Preparation of Perthiocyanie Acid. 


Potassium thiocyanate (100 parts) is dissolved in water (60 parts) 
and slightly more sulphuric acid (100 parts sp. gr. 1°44 at 15°) than is 
required to liberate the thiocyanic acid is added. The operation is 
best carried out in a large flask, and it is as well to cool in ice, to 
prevent loss of thiocyanic acid. The solution remains clear for a few 
seconds, and then the potassium sulphate formed suddenly crystallises 
out, converting the whole into a pulp of small, white crystals. A small 
quantity of thiocyanic acid is given off, but most of it remains in the 
liquid, where, under the influence of the acid, it rapidly undergoes 
change ; the pulp after a few minutes acquires a distinct yellow colour, 
which deepens as the perthiocyanic acid separates, until finally the 
whole sets to an orange-coloured, almost solid, mass. This is best left 
for several days, the mass being broken up from time to time and well 
stirred. At first, very little gas is disengaged, but after a time carbon 
monoxide and carbon dioxide are given off, hydrocyanic acid, carbon 
oxysulphide, and hydrogen sulphide being also liberated in small 
quantity. The carbon monoxide and carbon dioxide are undoubtedly 
formed by the hydrolysis of the hydrogen cyanide, as nothing like the 
amount of this substance required by theory is produced. 
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After a few days, the crude perthiocyanic acid is filtered off, and a 
small quantity of sulphuric acid is added to the mother liquor, which, 
on standing, deposits more perthiocyanic acid. This operation can 
be repeated several times, the amount deposited, however, becoming 
smaller each time, 

The separation of perthiocyanic acid from the mother liquor is 
much hastened by heating, but a less crystalline product is obtained 
which probably contains a small amount of partially hydrolysed acid. 
If the residual mother liquor be cautiously neutralised with potassium 
carbonate and evaporated to dryness, the residue is found to contain 
considerable quantities of potassium thiocyanate and thiourea. 

The crude perthiocyanic acid, after being well washed and dried, 
forms an orange-yellow powder, which is best purified by crystallisation 
from water. The methods described by previous observers, where the 
acid is treated with alkali and reprecipitated, or where acetic acid is used 
as a solvent, are less advantageous. Although the acid is not very 
soluble in boiling water, large quantities can readily be obtained pure 
in this way ; the acid in excess is boiled up with water in large flasks 
for some 15 minutes, the solution filtered hot and allowed to cool, 
when the perthiocyanic acid crystallises out in orange-yellow, fibre-like 
needles, sometimes 5 or 6 centimetres long. It is best to use fresh 
water each time, and not the mother liquor from previous crystallisa- 
tions ; the acid is almost insoluble in cold water, and very little is 
lost in this way, whilst, if the mother liquor is used over and over 
again, the product is apt to be contaminated with the more soluble 
partially hydrolysed product which is generally formed to a small 
extent, especially if the temperature of the liquid has been allowed 
to rise in the preparation. The yield of pure perthiocyanic acid 
obtained by this method is about 64 per cent. of the theoretical. 

As perthiocyanic acid does not melt, an estimation of the percentage 
of sulphur was made in order to test the purity of the product. 


0°1437 gave 0°673 BaSO,. S= 64:3. 
H,N,C.S, requires 8 = 64 per cent. 


| Hydrolysis of Perthiocyanic Acid by heating with Water. 


When perthiocyanic acid is heated in sealed tubes of hard glass 
with about twice its weight of water, little action takes place below 
150°, but as the temperature approaches 200°, the acid is rapidly 
hydrolysed, sulphur is liberated, and ammonium thiocyanate, carbon 
dioxide, hydrogen persulphide, and hydrogen sulphide are produced. As 
considerable pressure is developed in the tube, not more than about 
4 grams of the acid should be heated at once. On opening the tubes after 
cooling, large quantities of carbon dioxide and hydrogen sulphide escape, 
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and a yellowish solution of ammonium thiocyanate remains, at the 
bottom of which a dark yellow globule of heavy liquid lies. This globule 
may enclose a number of well-formed rhombic crystals of sulphur, or 
sulphur may be found in the liquid as a small, fused cake. The heavy 
liquid consists of hydrogen persulphide, for on heating or exposure to 
air, it rapidly evolves hydrogen sulphide, and leaves pure sulphur 
behind. 

No carbon bisulphide has been isolated from the products of the 
action, and it does not appear to be formed. The amounts of sulphur 
and ammonium thiocyanate obtained after complete decomposition of 
the hydrogen persulphide correspond very closely with those required 
by the equation 


H,N,C,8, + 2H,0 =NH,: NCS + CO, + H,S+8. 


In one experiment, 2 grams of acid yielded 0°45 gram of sulphur and 
0°95 gram of ammonium thiocyanate, whilst 0°426 gram of sulphur 
and 1°01 gram of thiocyanate are required by the equation. 


Hydrolysis of Perthiocyanic Acid by heating with strong Sulphuric 
Acid. 


Perthiocyanic acid dissolves readily in warm, concentrated sulphuric 
acid, forming an orange-coloured solution from which, on long standing, 
the acid crystallises in very brilliant, short, thick prisms. If this 
solution is heated, sulphur dioxide and carbon dioxide are evolved, and 
thiourea, thiocyanic acid and ammonium sulphate are formed. A good 
yield of thiourea is obtained by heating perthiocyanic acid at 130° for 
about half-an-hour with three times its weight of strong sulphuric 
acid diluted with its own bulk of water. After heating, the whole is 
poured into an excess of water, when any unchanged acid is pre- 
cipitated, and can be again treated until the whole is decomposed. 
The filtrate containing the thiourea, along with thiocyanic acid and 
ammonium sulphate, is carefully neutralised with potassium carbonate 
and evaporated to dryness, crystals of potassium sulphate being re- 
moved as they form. The dry residue is then extracted with alcohol, 
and the crude thiourea obtained by the evaporation of the alcoholic 
solution is purified by boiling its aqueous solution with animal charcoal 
and recrystallising it from water. The thiourea crystallises in cha- 
racteristic, thick prisms, melts at 170°, and yields the well defined 
double salt with platinic chloride. 

The amount of thiourea obtained is small, as thiourea itself is decom- 
posed by strong sulphuric acid, and only the portion which escapes 
this further action is isolated. It is to this hydrolysis of the perthio- 
cyanic acid first formed in the reaction that the production of thiourea 
in the preparation of carbon oxysulphide is due. 
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Action of Oxidising Agents on Perthiocyanic Acid. 


The action of oxidising agents on perthiocyanic acid is difficult to 
regulate, and the compound, if attacked at all, is, as a rule, completely 
oxidised. 

When the acid is heated with a solution of potassium permanganate, 
nitrogen and carbon dioxide are evolved, manganese dioxide is preci- 
pitated and sulphuric acid is formed. Unless the permanganate has 
been added in excess, the manganese dioxide and sulphuric acid further 
react with more perthiocyanic acid, and the solution becomes clear. 

The amount of potassium permanganate decomposed corresponds 
very closely with that required by the equation 


H,N,C,S, + 140 + 2H,0 = 200, + 3H,80, + N,. 


If to any given quantity of acid, the permanganate required for com- 
plete oxidation be added in small portions at a time, and after each 
addition the unchanged acid and manganese dioxide be filtered off, a 
mixture of intermediate products of oxidation will be left on evapo- 
rating the filtrate. So little is obtained, however, that nothing definite 
can be isolated from it except small quantities of thiocyanic acid and 
thiourea. 

Nitric acid readily and completely decomposes perthiocyanic acid. 
When thefinely powdered substance is added to the strong acid, nitrogen, 
carbon dioxide, and oxides of nitrogen are evolved, and sulphuric acid 
and a little ammonium salt are found in the liquid. 

Mercuric oxide is readily converted into sulphide when boiled with 
a solution of perthiocyanic acid, and a portion at least of the acid is 
oxidised, carbon dioxide and carbon oxysulphide being evolved, but no 
nitrogen. On evaporating the filtrate, only a very small residue is 
left, which consists mainly of dicyandiamide, this being very probably 
formed' from thiourea, the first product fof the action. The acid 
appears to be very slowly hydrolysed, the mercuric oxide acting on the 
sulphur, carbon oxysulphide, and thiourea produced. 

This explanation is supported by the behaviour of perthiocyanic acid 
when it is heated in sealed tubes at 150—200° with water and enough 
mercuric oxide to combine with all the sulphur. Carbon dioxide, 
mercuric sulphide, and ammonium thiocyanate only are formed. The 
mercuric oxide reacts with the liberated carbon oxysulphide, but as, 
at the high temperature, the thiourea is at once converted into ammo- 
nium thiocyanate, this escapes further action. 
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LXIII.—WMonochlorodiparaconie Acid. 
By Henry C. Myers. 


Ir has already been shown by the researches of Fittig’s pupils, carried 
on under his direction, that in most cases where organic compounds 
contain three chlorine atoms linked to the same carbon atom, the CC], 
group changes into carboxyl on treatment with caustic potash or 
barium hydroxide; for example, chloroform changes into formic acid 
and trichlorolactic acid into tartronic acid. More recently, Ott and 
Miller (Ber., 1887, 20, 3181), have shown that trichloromethylparaconic 
acid is no exception to the rule, as it changes into iso-citronic acid on 
treatment with barium hydroxide. 

CCl,° CH-CH(COOH)-CH, 13H 9 —CO00H:CH-CH(COOH)CH, + HCl 

) CO . OH COOH 


have attempted a reduction of this trichloromethylparaconic acid, 
in the hope of finding a more simple method for the preparation of 
methylparaconic acid, as the trichlor-acid can be made in large quan- 
tities by a simple condensation of chloral with sodium succinate (Ber, 
1890, 23, 92). 


Preparation of Dichloromethylparaconic Acid. 


Trichloromethylparaconic acid, dissolved in a little concentrated 
acetic acid, is heated upon a water-bath and small portions of zinc dust 
added from time to time ; after two or three hours, the excess of zinc 
is filtered off, and the excess of acetic acid driven off by evaporation. 
The product is then dissolved in water and the zinc completely re- 
moved by treatment with hydrogen sulphide. The acid, when recrys- 
tallised from water, forms white crystals melting at 142° and easily 
soluble in alcohol, ether, and water (Ber., 1890, 23, 93). 


Monochlorodiparaconic Acid. 


The dichlor-acid is dissolved in’ very little hot water, made alkaline 
with a strong, clear solution of barium hydroxide, and heated in a 
water-bath at about 80° for 3 to 4 hours. The filtered solution as it 
cools deposits crystals of the barium salt, and the mother liquor, when 
heated with dilute hydrochloric acid, yields a voluminous precipitate of 
the acid, which is insoluble in water. The acid, after washing with 
hot water and recrystallisation from alcohol, forms lemon-yellow crys- 
tals melting at 220°, with evolution of carbon dioxide, becoming 
deep red; this change is being investigated. The acid is soluble 
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in ether, alcohol,: and chloroform, but insoluble in water. It dis- 
solves instantly and completely in sodium carbonate solution. Two 
grams of dichloromethylparaconic acid gave 0°453 gram of the new 
acid, or 22°65 per cent. of the amount used. In another experiment 
with about 6 grams, the yield was 52 per cent. The acid was dried at 
100° and analysed. 
I. 0:2058 gave 04392 CO, and 0:0960 H,O. C=58-20; H=5:13. 

II. 0:2445 ,, 05223 CO, and 01101 H,O. C=58-26; H=5-00. 

III. 02130 ,, 0:1615 AgCl. Cl=18-76. 

IV. 01990 ,, 01519 AgClL Cl=18°88. 

C,H,0,Cl requires C=58°53; H=4°88 ; Cl=19-24 per cent. 

These chlorine determinations were made by means of sodium 
amalgam, but I have since found that such determinations are always 
too low. The Carius’ method used in the salt determinations following 
is most accurate. 

Barium Salt,—The barium monochlorodiparaconate prepared in the 
previous experiment gave the following figures on analysis. 

I. 0°1160 of the air-dried salt lost, at 100°, 0-0114 gram H,O, and 
at 140°, 0:0143 gram H,0. 

Calculated. Found per cent. 
12°32 
9°82 
The salt, dried at 140°, gave the following results. 


0:1017 gave 0°0467 BaSO,. Ba= 26°96. 
02059 ,, 01145 AgCl Ol=13°76. 
(C,H,C10,),Ba requires Ba = 27:18 ; Cl= 14-08 per cent. 
Calcium Salt.—The pure acid was heated with calcium carbonate 
until neutralised, filtered, and allowed to cool, when long, white needles 
of the calcium salt were deposited, which turned pale yellow on standing. 
Heated at 100°, it loses 3H,0, and at 130° another molecule of water, 
the salt becoming red. 
Analysis. 
. 0°2553 air-dried salt lost, at 100°, 0°0295 H,O. 
. 0°2455, at 130°, lost 0°0360 H,0. 
0°1702, dried at 100°, gave 0°0534 CaSO,,. 
. 0°1855 1“ “ » 0°1245 AgCl. 
. 0°2455 air-dried salt ,, 0:0680 CaSO,. 
. 0°2084 - ” » 0°1232 AgCl. 
~ Calculated for 
(C,H,0,Cl),Ca + 4H,0. Found, 
9°82 9°54 (V) 
14°62 (VI) 
14°66 (LI) 
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Calculated for 
(C,H,0,Cl),Ca+ H,0. Found. 
9°41 9°22 (III) 


16°60 (IV) 
11°55 (1) 

The melting point of pure monochlorodiparaconic acid obtained by 
the decomposition of the salts does not change when the acid is boiled 
with barium hydroxide for several hours. The whole of the acid could 
be recovered, and the melting point was unchanged at 220°. 

The following reaction represents the change from one acid to the 
other by the action of barium hydroxide. 

20,H,0,Cl, = C,H,O,Cl + 3HCl + 3C0,. 

I have, however, found it impossible to picture the constitution of 
an acid resulting from the above condensation. In the hope of obtain- 
ing an acid entirely free from chlorine which would throw light on the 
above change, an attempt was made to reduce the monochlor-acid by 
sodium amalgam. One gram of the acid C,H,Cl0,, suspended in cold 
water and cooled with ice, was treated with sodium amalgam, dilute 
sulphuric acid being added from time to time so as to leave the solutions 
slightly alkaline. After nine hours, it was filtered, and excess of 
dilute sulphuric acid added, when the new acid separated, forming a 
milky solution which soon deposited long, white crystals ; these, after 
being washed, were found to be entirely free from chlorine. The new 
acid melts at 36—37°, decomposes below 100°, and soon becomes liquid 
on exposure to the air; its behaviour when kept for some time in a 
vacuum is very remarkable; the freshly prepared acid is completely 
soluble in dry ether, but after remaining for a time in a vacuum over 
sulphuric acid, an increase in weight is noticeable, and the acid under- 
goes a change, becoming quite insoluble in ether: 0°2327 gram of the 
acid increased 00072 gram in weight, or 3°09 per cent. Several com- 
bustions of the acid show that the increase was due to oxidation, as the 
percentage of hydrogen remained normal. 

This rapid oxidation made it impossible to get accurate results, as a 
constant weight was out of the question. However, by very rapid 
drying in a vacuum (half an hour) before weighing, the following 
figures were obtained : 

I. 0°2245 gave 0°5783 CO, and 0:1595 H,O. C=70°25 ; H=7°89. 

IL. 0:2158 ,, 0°5558 CO, and 0°1550 H,O. C=70°24; H=7°87. 

The formula C,H,,0, requires C=71:05 ; H= 7°87 per cent. 

The freshly prepared acid, moreover, is soluble in carbon bisulphide, 
but after oxidation in a vacuum, it becomes quite insoluble, although 
it dissolves in alcohol. It was found impossible to prepare the common 
salts of this acid, as decomposition occurs in each case. 
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Conclusion. 


An attempt to prepare methylparaconic acid by the reduction of the 
trichlor-acid led first to the formation of the dichlor-acid, which, on 
treatment with barium hydroxide suffered condensation, forming the 
acid C,H,ClO, which I have called monochlorodiparaconic acid, and 
whose constitution is under investigation. This acid loses the final 
chlorine atom on treatment with nascent hydrogen, producing a com- 
pound having in all probability the formula C,H,,0,, but so unstable 
that its investigation is rendered almost impossible. These condensa- 
tions are being further investigated. 


LXIV.—Halogen-substituted Acidic Thiocarbimides, and 
their Derivatives; a Contribution to the Chemistry 
of the Thiohydantoins. 

By Avueustus Epwarp Dixon, M.D. 


In communications laid from time to time before this Society 
(Trans., 1892, 61, 545; 1896, 69, 17; zbid., 851), it has been shown 
that Py-dibromopropylthiocarbimide, uniting with nitrogenous bases, 
affords, not the corresponding thiourea, or thiocarbamide, 
_-NH:CH,*CHBr-CH,Br, 
CSyi-c.H, ; 

for example, but, in all cases, a saline product, the hydrobromide of a 
basic ring-compound, derived, probably, from the parent type, 


CH<oH?-s>C NH,.* 


* As regards the constitution of the tricarbon group, it was assumed provisionally 
po : ; CH. - : , CH;* CH- 
to be a derivative of trimethylene, CH,<4j;°_, rather than ‘propylene, on 
a 2 2 


on the ground that, as a rule, the end bromine atom is the more easily removable. 
Subsequently, however, a paper appeared by Gadamer (Arch. Pharm., 234, 1) in 
which it is stated that the ‘ dibromide’ obtained from allylthiourea and bromine 
(Maly, Zeitschr. f. Chem., 1867, 42), yields, by oxidation with potassium chlorate 
and hydrochloric acid, a 8-chlorobromomethyltaurocarbamic acid, C,H,BrC1N,SO, ; 
the latter affording, on reduction, 8-methyltaurocarbamic acid, and thence, 8-methyl- 
taurine. From this, it is inferred that the parent type and the corresponding 
CH,*CH——S 
brominated base should be represented by the formule é - HO ONE and 
2 


ek ie respectivel 
CH,‘NH el espe LY. 

But I have shown (Joc. cit.) that the product of the action of C,;H;Br,*NCS on 
ammonia is identical with Maly’s ‘dibromide’; and if the base corresponding to 
the latter is a propylene derivative, the various homologues obtained by combination 
of dibromopropylthiocarbimide with monosubstituted ammonias are, doubtless, 
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With methylic, ethylic, or propylic alcohol, it yields, in like manner, 
not the corresponding thiocarbamate, but, instead, hydrogen bromide, 
together with a closed chain derivative of the supposed typical form, 


CH,-CH-N 
OH <oH'g COR (more probably ° dog >C-OR) ; in no 


instance, even when working at low temperatures, was an open thio- 
carbamidic form produced. This tendency of an atom of the halogen 
to escape from its original position is not peculiar to syntheses from 
brominated thiocarbimide and amine, for, in converse experiments, 
Gabriel and others have observed a similar mobility. Methylthio- 
carbimide, for example, when combined with bromethylamine, yielded 
(Ber., 1889, 22, 1148), not methylbromethylthiocarbamide, 
CH,°NH:CS:NH-CH,°CH,Br, 
but a metameric a the hydrobromide of a base—‘ n-methyl- 


CH," 
ethylene-y-thiourea,’ 4, i,: 2 *>0: NH:CH,. From  £-bromopropyl- 


amine, Hirsch (Ber., 1890, 23, 971), using methyl and allyl thiocarbi- 
mides, obtained, similarly, the propylene compounds, 
Ci," ‘CH - So NHM CH,°CH - _ 
CH,-N7C e and OH,-N C-NHAIl 
respectively. 

Generally speaking, the acidic thiocarbimides, although more un- 
stable, resemble their congeners of the aliphatic, unsaturated, and 
benzenoid classes, and as the former are now, as a rule, easily procur- 
able from the corresponding acid chlorides, &c., by means of the lead 
thiocyanate process, it appeared worth while endeavouring to prepare 
halogen-substituted derivatives of some of them, with a view to ascer- 
tain whether, on combination with bases, they would, in like manner, 
by loss of halogen, afford closed-chain compounds. For, if so, a class 
of substances would result whose identity, or isomerism, with certain 
known thiohydantoins would assist towards determining the constitu- 
tion of the latter. 

This constitution is now always represented by the type, 

S—CH, 
NH-C<yu-d0 ? 


propylene compounds also, and hence, so far as that portion of the molecule is 


CH,Br*CH * 8 
. >c-NHR. 


concerned, should be represented by the general formula On, N 


Probably they can interact either in that or the tautomeric form, 
CH,Br°CH ° 80 NR 
! : 
CH,NH . 
but the corresponding derivatives of secondary amines would be constituted on the 
CH,Br* CH ° 8. 


CH. no" NXY, where NHXY is the amine from 


former type, namely, 


which they are produced. 
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but as regards the position of radicles where substitution occurs at a 
single nitrogen atom, chemists are not yet agreed. Thus, to methyl., 


—CH 
allyl-, and phenyl-thiohydantoins, the typical formula N ee > 


is assigned (Andreasch, Monats., 1885, 6, 842; Ber., 1882, 15, 326; 
ibid., 325) ; whereas the phenethyl er eer is represented as 
— CH, 

CH,Ph-CH,:N: oe bo 
(Neubert, Ber., 1886, 19, 1823), and the cumyl compound (Gold- 
schmidt and Gessner, Ber., 1889, 22, 933) similarly. No evidence, 
however, is offered in favour of the latter formule, whilst the reasons 
advanced in support of the former are based, partly on the methods of 
formation, and partly on the chemical behaviour of the products. 
Phenylthiohydantoin, for instance, is obtained, amongst other methods, 
by the interaction of ethylic chloracetate with phenylthiourea (P. 
Meyer, Ber., 1877, 10, 1965): this process might be equally well re- 
presented by any of the following equations : 


CH,Cl _ HS CH, - ; 

0-OEt t Ni >O:NPh = HOl + EtOH + 4.) NE :NPh, 
OH,Cl 

* CO-OEt anes 


eg >C:NH = HCl H i N 
- CO-OFt + PhNH +E +3 -NPh7 CNH, 


but another synthesis by Meyer (/oc. cit.) of the same compound, from 
chloracetanilide* and thiourea, seems decisive in favour of No, 3. 


CH,Cl HS * CH, 
(@) do-wHPh “NH >C:NH = HCl + PhNH, + 4. 25>: NH 


CH,Cl / , CH,— 
(b) do: -NHPh ‘ >0:NH = H01+ NH, + J éo-nPhOC:-NE. 


A further (but seemingly inadequate) argument in the same direction 

is offered by Andreasch, based on the fact that (Ber., 1882, 15, 325) 

phenylthiohydantoin is produced from ie ON and thio- 
ss Piatti a _ CH,SH CH,— 

glycollic acid; NHPh:CN + co - OH = 129 +/ co: Se NH. 


With regard to chemical behaviour, Andreasch contends (oc. cit., 


OH, : 
S So. -NHPh = HCl + EtOH + J 60: ‘xe NHPh 


, ‘ CH,—S . 
326) that allylthiohydantoin must be of the form 4,4 AyooN H, 


since its hydrochloride, when boiled with water, or even if frequently 
recrystallised, yields ammonium chloride, together with a yellow oil, 


Ci.—& CH, 
probably éo-n Ay©O ; whereas if it were bo-nHOC:NAL, it 


* With chloracetoparatoluidide, analogous results were obtained. 
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should afford, instead, allylamine hydrochloride and the so-called 


_— , CH, «8 . 
‘ thiocarbimidoglycolide,’ éo-nH> ©? a well crystallised substance 


melting above 125°. 

Whilst, then, all the various methods hitherto employed for pre- 
paring monosubstituted thiohydantoins in which the radicle is attached 
to nitrogen lead apparently to the production of a single form, 

CH, ° 8. 
bo-nROCNE, 
it seemed probable that their position-isomers might be obtained by 
acting with halogen-substituted acid thiocarbimides on the amines, 
according to the scheme, 
CH,Cl CH, - 
éo-nos + RNH, = HCl + do. ieee NR. 

In order to procure the necessary thiocarbimides, the chlorides (or 
bromides) of the corresponding halogen-substituted acids were treated, 
as previously described (Trans., 1896, 69, 1593), with lead thio- 
cyanate ; but, unfortunately, no very practicable method has yet been 
found of determining when interaction is complete. If the process be 
stopped too early, the product is contaminated with unchanged acid 
chloride, which, by the subsequent action of bases, yields an amido- 
derivative, for example, CH,Cl-COCI + 2NH,Ph = CH,Cl-CO-NHPh + 
NH,Ph,HCl, whilst over-long heating, on the other hand, leads to 
changes in the thiocarbimidic product.* In addition to this, the actions 
of even closely analogous bases on a given halogenised acid thio- 
carbimide occasionally run on totally different lines, and in several 
cases all attempts to obtain particular derivatives were unsuccessful. 


I. CHLORACETYLTHIOCARBIMIDE, CH,Cl-CO-NCS. 


After a number of experiments, the following conditions were even- 
tually adopted. Nine grams of chloracetyl chloride and 15 grams each 
of dry sand and lead thiocyanate were mixed with toluene to a 
creamy consistence ; the mixture was then slowly heated on the oil 
bath. No visible action occurred for a while, but as the temperature 


* Apparently the second halogen atom is also more or less attacked in the same 
direction by the lead salt; thus, monochloracetic acid, dissolved in benzene or 
toluene, soon interacts, and the solution, when boiled with alkaline lead tartrate, 
undergoes marked desulphurisation, in this way indicating the presence of a thio- 
carbimide (possibly the hitherto unknown CH,(NCS)*COOH), or some immediate 
derivative. Even benzylic chloride, when thus treated, gives, within a few minutes, 
a very distinct thiocarbimidic reaction with lead or silver salts ; ethylic iodide— 
perhaps by reason of its low boiling point—does not. It may be mentioned here, 
that benzylic chloride, when heated for several hours with lead thiocyanate and 
alcohol, yielded, not benzylthiourethane, but benzylic thiocyanate. 
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rose, and before the boiling point was reached, the mixture turned 
suddenly yellow, and then brownish ; the heating was steadily pushed, 
and after further boiling for about 5 minutes—making 20 minutes in 
all—the product was allowed to cool, filtered by aid of the pump, and 
the residue well washed with dry benzene.* 

Action of Aniline.—One-half of the fresh filtrate was mixed with 
aniline (1 mol.) dissolved in benzene; heat was evolved, although not to 
any very marked extent ; traces of a dark brown oil were deposited, 
and the solution, on concentration at the ordinary temperature, be- 
came almost solid, with evolution of much free thiocyanic acid. By 
means of the pump, the solid was freed from a little oily matter ; it 
amounted to but 4 grams, and proved to be chloracetanilide. The 
interaction occurs as follows : 


CH,Cl-CO-NCS + C,H, NH, = HSON + CH,Cl-CO;NH-C,H,. 


This experiment was carefully repeated, using a freshly-prepared 
charge of thiocarbimide, and cooling externally by water, but with 
the same result as before. Repeated once more, using a freezing mix- 
ture, and diluting freely with benzene, a tarry semi-solid was produced, 
out of which, by treating with alkali, filtering, and neutralising the 
filtrate with dilute hydrochloric acid, a solid was extracted; on re- 
crystallisation from weak spirit, it yielded a brownish, crystalline 
mass, free from chlorine, and melting at 175—176°5°, probably 
phenylthiohydantoin (m. p. 178°), but the amount was too small for 
further examination. 

Action of Orthotoluidine.—A benzene solution was used ; there was 
considerable evolution of heat, and 6 grams of a white solid were 
eventually deposited, against 9°6 theoretically required for an additive 
product. By recrystallisation from alcohol, it was obtained in white 
prisms, darkening slightly at about 180°, becoming orange at 190°, 
and melting, with effervescence, at 212—213° (uncorr.). The product 
contained sulphur, but was not desulphurised by heating with alkaline 
lead tartrate, or with ammoniacal silver nitrate ; with aqueous silver 
nitrate, it gave a white precipitate containing silver chloride, and was 
soluble in hot water, yielding a strongly acid solution: presumably, 
therefore, it was a hydrochloride. 

A quantity, dissolved in warm, dilute spirit, was treated with 
normal caustic alkali (1 mol.). A precipitate at once appeared, 
soluble on stirring, but becoming persistent when nearly the whole 


* But the yield of chloracetylthiocarbimide, estimated from the weight of pro- 
ducts obtained in this and a number of subsequent experiments, is far from quantita- 
tive ; four different measurements gave, respéctively, about 58, 59, 61 and 624 per 
cent. of the theoretical ; the last value was that obtained using orthotoluidine 
(infra), 
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amount of alkali had been used ; the shining crystals were freed from 
the mother liquor, which was found to contain sodium chloride ; by re- 
crystallisation from boiling water, they were obtained in pure white 
prisms, neutral to test paper, and melting at 144—145° (corr.). 

The product was free from chlorine ; when heated in a dry tube, it 
decomposed, evolving hydrogen sulphide, but was not affected by 
treatment with alkaline lead or silver salts. The interaction, there- 
fore, does not lead to the formation of chloracetylorthotolylthiocar- 
bamide, but the saline nature of the product first obtained, and the 
tenacity with which the sulphur is held in the corresponding base, 
point clearly to the formation of a ring-compound, just as in the case 
of brominated fatty thiocarbimides ; the change may be thus repre- 


sented— 
CH, Cl 


CH, ° 
dio __ 5 >O+C, H, NH, = do. 2-0: NC,H,,HCl. 


Such a compound might obviously occur, or act, in the tautomeric form, 
Sow ‘So: ‘NH:C,H,; this, in fact, is the simpler, in so far as its 
production involves the transfer of less hydrogen from its original 
attachment to the amidic nitrogen, but for a reason to be given later, 
the imidic formula is preferred. 

In order to check the composition of the base, a portion, dried over 
sulphuric acid, was analysed for sulphur. 


02108 gave 0:2382 BaSO,. S=15°53. 


Orthotolylthiohydantoin, C,,H,,N,SO, requires S= 15-40 per cent. 

As regards the linking of the sulphur atom, it is attached to the 
CH, of the glycolyl group, for the substance, on continued boiling 
with baryta water, yields a precipitate (partially consisting of barium 
carbonate) ; this, when dissolved in hydrochloric acid, mixed with dilute 
ferric chloride, and treated with excess of ammonia, acquires a rich 
purple coloration, thereby showing (Andreasch, Ber., 1879, 12, 1385), 
the presence of thioglycollic acid, 


CH, * 8, H, SH 
bo wy O:NC;H, + 3H,0 = se +00, + NH, + C,H,NH,, 


The compound is moderately soluble in boiling water, but very 
sparingly in cold; it dissolves easily in hot alcohol, very freely in 
hydrochloric acid (re-forming the original hydrochloride), and in caustic 
alkali, which must, therefore, not be added in excess when liberating 
the base from its hydrochloride. Silver nitrate, when added in excess 
to the alcoholic solution, yields a white silver derivative, soluble in 
ammonia. Mercuric chloride produces no precipitate, and if alkali is 
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added to the mixture, yellow oxide of mercury is formed ; this does not 
darken on heating, but changes instead into a white, curdy substance. 

The free thiohydantoin was dissolved in very dilute hydrochloric 
acid, and the solution boiled for some hours. The product, when 
mixed with excess of alkali, and heated, now freely evolved ammonia ; 
orthotoluidine was also detected, but only in traces. On allowing the 
acid solution to cool, it deposited brilliant, flattened needles, easily 
soluble in warm alcohol, sparingly in cold water, melting (after recrys- 
tallisation from weak spirit) at 119—120° (corr.), and agreeing in all 
respects with Viltzkow’s ‘ orthotolylthiocarbimidoglycolide,’ obtained 
(Ber., 1880, 18, 1580) from alcohol, orthotolylthiocarbimide and mono- 
chloracetic acid. 

The former synthesis of this ‘ glycolide’ is significant as regards 
the question of its structure; for the tolyl group contained in the 
parent thiohydantoin is presumably, owing to the mode of its intro- 
duction into the latter, attached to that nitrogen atom which does not 


' oe i, ee 
form an integral portion of the (thiazole) ring, duwoe ; whilst, on the 


other hand, the nitrogen withdrawn by hydrolysis is that which holds 
no tolyl group in combination (since ammonia, and not orthotoluidine, 
is the by-product). In undergoing hydrolysis, therefore, it appears to 
be the nitrogen of the ring which is displaced by oxygen, the ring it- 


CS 
self accordingly becoming C: oo: and hence the action may be repre- 


sented, at least provisionally, by the equation, 


OH, * 8 CH 
do: _ an NC,H, + HC1+H,0= 4, + >0: NC,H, + NH,Cl. 


Orthotolylthiourea and Ethylic Monochloracetate—Orthotolylthiohydan- 
toin.—The synthesis of one form of tolylthiohydantoin having now 
been effected, it was thought desirable to prepare, for comparison, the 
hitherto unknown compound of the ordinary class, presumably 


CH,— 
CO: ‘NTo 


Molecular proportions of orthotolylthiourea and ethylic monochlor- 
acetate were heated together in alcoholic solution on the water bath ; 
on cooling, brilliant, white needles were deposited, consisting of the 
hydrochloride ; they were strongly acid, became slightly brown at 
190°, dark brown at 203°, nearly black a few degrees higher, and 
melted, with copious effervescence, at 212°5—213°5° (uncorr.). They 
were rather sparingly soluble in hot alcohol, more easily when water 
was added ; although containing sulphur, they gave no reaction for it 
on ordinary treatment with lead or silver salts, 


So: NH. 


uvU2 
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Dilute caustic alkali withdraws the whole of the combined hydro- 
gen chloride, a quantitative experiment yielding the following result. 

4-0 grams, dissolved in warm, dilute spirit, required for neutralisation 
16°4 c.c. N/1 caustic soda ; or, HCl= 14-91 per cent. ; C,,H,.N,SO,HCl 
requires HCl= 14-90 per cent. 

On neutralising the hydrochloride and allowing the solution to cool, 
an oil began to separate, which presently solidified ; this was well 
washed and recrystallised from weak boiling spirit. Long, brilliant, 
white prisms were thus obtained, melting at 144—145° (corr.), that is, 
at the same temperature as the compound produced from chloracety]- 
thiocarbimide, and so closely resembling the latter in appearance and 
general properties as to suggest that the two substances were really 
identical. 

The behaviour with hydrochloric acid was now examined. 

A solution in rather dilute acid, after being boiled for several hours, 
was concentrated, and when cold the crystalline residue was collected. 

In the filtrate, much ammonia was found, in addition to a small 
quantity of unaltered hydrochloride and traces of orthotoluidine. 
The solid product consisted partly of scales and partly of thick, 
agglomerated crystals; they were, as far as possible, separately re- 
crystallised ; both, however, had now almost exactly the same appear- 
ance, and melted at practically the same temperature (118—119° and 
119—120° respectively) ; the two crops were therefore mixed and again 
recrystallised from boiling dilute alcohol. On cooling, brilliant, 
colourless, flattened needles were deposited, free from chlorine, easily 
soluble in hot alcohol, much less so in cold, sparingly in water, and 
melting sharply at 119—120° (corr.). 

When boiled with baryta-water, the original compound afforded a 
‘yellowish precipitate, which, with hydrochloric acid, evolved carbon 
dioxide, the acid solution giving the iron reaction for thioglycollic 
acid. 

From these results, it appears safe to conclude that the thiohydantoin 

obtained fromchloracetylthiocarbimide and orthotoluidine is not isomeric, 
but identical with that from orthotolylthiourea and ethylic monochlor- 
acetate. In the latter case, the apparent migration of the tolyl group 
might be accounted for by supposing the interaction to run the course, 
CH,Cl HS ° im CH, * 8p. 
Acree * — = HCl + EtOH + & Oo NHO ONT but the 
difficulty still remains as regards syntheses from thiourea and substi- 
tuted chloracetamide, whereby the same products are obtained as from 
the substituted thiourea and ethylic chloracetate. 

In a paper by P. Meyer it is recorded (Ber., 1881, 14, 1662) that 
phenylthiohydantoin, when boiled with dilute hydrochloric acid, yields 
the ‘ phenylthiocarbimidoglycolide’ of Liebermann and Lange (Ber., 


cs 
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1879, 12, 597), to which he therefore assigns the formula O-NPh CO 


CH, —S CH,—S 
C:NH + H,O=NH, 0. 
CO: N NPL> ig CO: NPL?’ 


Liebermann (Ber., 1879, 12, 1594), after first adopting the above, 
decided later (Liebermann and Viéltzkow, ibid., 1880, 13, 278) in 


favour of the structure Nog ONPh: on the ground that chlor- 


acetic acid, — on phenylthiourethane, affords the same glycolide, 
’ i om °CH, 
PLN:0<S 4" + CH,Cl-COOH = ELOH +HCl+4PLN:C<5 "8 


This action might, nevertheless, according to Meyer (Joc. cit.), occur 
as follows : 


CC Giep + CH,CI-COOH = BtCl + COS iy ggg = #20 + CO< gg >00 

the ethylic chloride possibly escaping detection, owing to its having 
been decomposed by prolonged contact with water, at the high tem- 
perature (150—160°) employed. 

A subsequent experiment, however, goes to confirm Liebermann’s 
view, Evers having obtained the same compound (Ber., 1888, 21, 975), 
by warming chloracetic acid, in very weak alcohol, with phenyl- 
dithiourethane, using a reflux apparatus; on passing the escaping 
vapours into alcohol, the sulphuretted by-product was identified, by 
means of the silver and mercury compounds, as ethyl mercaptan : 


CH,Cl HS CH,'S 
O:NPh = NPh + EtSH + HCl. 
éoou * oa” bot p77 ONFh+ . 


Taking, then, the constitution of phenylthiocarbimidoglycolide as 
correctly represented by the above formula, the corresponding thiohy- 


dantoin would be ne SSo: NPh, and the orthotolyl compounds, 


possessing, by analogy, like structures, would be Loe po ONTe and 


tus: So: NTo, forms identical with those arrived at through the 
synthesis from chlorinated acidic thiocarbimide (p. 623). 

On the other hand, the constitution assigned by Meyer to the 
phenylthiohydantoin obtained from chloracetanilide seems to accord 
very satisfactorily with its mode of formation; it was conceivable, 
however, that this product might really be isomeric with the one 
yielded by phenylthiourea and ethylic chloracetate, although melting 
at the same temperature ; and as it does not appear from his paper 


* Liebermann (Ber., 1880, 13, 682). 
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that a specimen of phenylthiohydantoin obtained by the former 
method* was employed in producing the corresponding glycolide, I 
instituted some experiments with a view to make certain what occurs 
when the chloracetanilide derivative is used for this purpose ; for if 
decomposition should take place with it on the same lines as with 
the possibly isomeric compound, ‘ thiocarbimidoglycolide’ was to be 
expected, together with aniline : 


CH,—Sy,(: CH,*S\ 
C'NH+H,O={ 2 -NH + PhNH, ; 
bo-nP> "CO: 07° : 
whilst if, instead, the phenyl group were retained, and ammonia 
eliminated, an isomer of phenylthiocarbimidoglycolide should be pro- 
duced : 


 — CH,—Ss 
2 C:NH+H.O=NH.+ 12 CO. 
bowen” 7 " bo-NPL™ 


Molecular proportions of thiourea and the anilide, in nearly abso- 
lute alcohol, gave a yellowish, crystalline substance, which was identi- 
fied as thiohydantoin. The filtrate from this, when further concentrated, 
and on treatment with water, yielded a brownish oil which rapidly 
hardened ; this, after a couple of recrystallisations from boiling water 


and treatment with animal charcoal, was obtained in almost pure 
white, flattened needles melting at. 178—179° (corr.), and consisting 
of phenylthiohydantoin (m. p. 178°). The aqueous portion of the 
mixture contained ammonium chloride, together with aniline hydro- 
chloride. In a second experiment, the phenylthiohydantoin was re- 
crystallised thrice from weak spirit, next from acetone, and then again 
from strong spirit ; the variations in melting point from first to last 
recrystallisation amounted to but 1°, the substance finally melting, as 
in the former experiment, at 178—179° (corr.). 

A solution of the pure phenylthiohydantoin in weak hydrochloric 
acid was boiled for nearly an hour. On cooling, flattened needles 
were deposited, melting at 143—144°, the melting point of phenylthio- 
carbimidoglycolide being’ 143° according to Evers (Ber., 1888, 21, 
975); the mother liquor, when heated with alkali, evolved ammonia 
freely, but, in addition, contained a minute trace of aniline. 

The preparation was repeated, using bromacetanilide ; as before, 
thiohydantoin was obtained, together with its phenyl derivative (this 
melted 1° higher than in the last experiment) ; and the latter, when 
boiled with dilute hydrochloric acid, afforded flattened needles, melting 
at about 143°, the mother liquor again yielding a trace of aniline, in 
addition to much ammonia. 

From these results, taken in conjunction with those of the ortho- 


* It seems to have been prepared from phenylthiohydantoic acid. 
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tolyl series, there can be no doubt that one thiohydantoin alone is the 
product of interaction between (a) monosubstituted thiourea and 
ethylic chloracetate, (b) thiourea and substituted chloracetamide, 
(c) chlorinated acidic thiocarbimide and organic base. 

In attempting to reconcile these apparently conflicting results, it 
was noteworthy that the action under (4) ran a dual course; and a 
possible explanation was, that the production of phenylthiohydantoin 
might, in this case, really be due to a secondary action, the main one 
consisting in the formation of thiohydantoin, with aniline as by-pro- 
duct ; the latter, acting in turn on the main product, could, by expelling 
a hydrogen atom, give rise to the phenylated derivative : 


CH, S) CH, ° SS) 
-NH+NH,Ph= C:NPh + NH;. 
Co: N HO” . CO-N H” : 


In order to test this hypothesis, thiohydantoin, mixed with alcoho 
and (2 mols.) aniline, was warmed on the water bath. A piece of 
reddened litmus paper, hung in the neck of the flask, soon became 
blue, and on continuing to heat, ammonia was steadily, although 
slowly, evolved. Spirit was added occasionally to replace that lost by 
evaporation, and after an hour or so was completely expelled ; a trace 
of hydrogen sulphide now began to escape, whereupon the process was 
stopped. The residue was treated with warm alcohol, the practically 
insoluble thichydantoin filtered off, and the aniline blown out of the 
filtrate by a current of steam. On evaporating the aqueous residue, a 
yellow, crystalline solid was left ; this dissolved moderately easily in 
hot water, sparingly in cold ; was not desulphurised by lead or silver 
salts, and when recrystallised from boiling water formed a yellowish, 
sandy powder, softening at 173° and melting at 175—176° (uncorr.) ; 
phenylthiohydantoin, as already stated, melts at 178—179° (corr.), 
thiohydantoin itself does not melt at 220°. The quantity of recrystal- 
lised material was insufficient for analysis, the yield under these con- 
ditions being very small; it seems possible, however, that the attack 
by aniline may be more active when the latter is, so to speak, in the 
‘nascent condition at the moment of its liberation from the chloracet- 
anilide, 

Though no definite conclusion can be drawn from these results, they 
are at least consistent with the view yo the group, PhN= does not 


constitute an integral portion of the ae SSo ring; but some less 


indirect way of dealing with the question was obviously desirable. 
The action of carbon bisulphide suggested itself as a means of 
ascertaining the nature of the doubly-linked nitrogenous group, if 
such were present ; for if phenylthiohydantoin possessed the con- 
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stitution att SSo: NH, the withdrawal of the imidic group should 


lead to the production of thiocyanic acid : 


CH, — CH,—S 
C:NH + CS, = HSCN CS; 
Co- "NPh “ r "" Co- “NPh? 


whereas the isomer, No NEL: should, in like manner, yield 


phenylthiocarbimide, together with rhodanic acid or an isomeride. 


CH, +S H,°S 
IL O:NPh + C8, = PhNOS i Cs, 
co: —* ” ‘ex 


The phenylthiohydantoin, prepared from chloracetanilide and thiourea, 
was sealed up with carbon bisulphide in large excess, and heated for 
2 hours at 160°, but as this proved to be insufficient, the process 
was repeated, heating for 6 hours at 180°. There was no pressure on 
opening the tube, whose contents were partly solid ; the liquid portion 
was drained off, and the residue washed with carbon bisulphide ; on 
evaporating the mixed liquid and washings by air-blowing, a dark- 
brown, oily substance was left, smelling strongly of phenylthiocarb- 
imide, together with a little water, condensed from the atmosphere ; 
this oil, when stirred up with more water, did not appear to dissolve, 
and the aqueous portion, when decanted off, and mixed with ferric 
chloride, gave not the slightest red coloration, thus showing the 
absence of thiocyanic acid. The residual oil dissolved easily in 
alcohol, and a portion of the solution, on warming with alkaline lead 
tartrate, was copiously desulphurised ; the remainder, when treated 
with aniline, yielded thiocarbanilide melting at 149—150° Con- 
sequently, the oily product was phenylthiocarbimide. 

A dark-coloured solid, remaining after the washing with carbon 
bisulphide, was extracted with warm ether; it dissolved almost 
entirely, and on evaporating the ether, treating the residue with 
boiling water, and filtering from a tarry, insoluble material, the clear 
yellow filtrate, on cooling, deposited a yellowish solid, melting at about 
167° (corr.). Its aqueous solution was distinctly acid to litmus, and 
when heated with alkaline lead tartrate, gave a black precipitate of 
lead sulphide. That this substance was, or at least contained, 
rhodanic acid was proved by boiling its aqueous solution with ferric 
chloride ; the reddish-brown precipitate, when digested with alcohol 
afforded a fine, richly-coloured solution of ‘rhodanic red.’ (Nencki, 
J. pr. Chem., [ii], 16, 8). 

The interaction with carbon bisulphide occurs, therefore, according 
to equation II above, from which it may be concluded that the con- 
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stitution of phenylthiohydantoin and its allies should be represented 
by the general formula 

CH. * SSo:ne. 

CO-NH 

Incidentally, the idea occurred of using the result of this experiment 
as a means of deciding the formula of rhodanic acid; but I found 
subsequently, on referring to the literature of this acid, that the 
principle had already been applied some few years ago by Miolati 
(Annalen, 1891, 262, 82), who effected its synthesis, with thiocyanic 
acid as by-product by heating thiohydantoin with alcohol and carbon 
bisulphide at 160°: 

CH, ° Sp << _ CH,:S 
i HO NE +08, =HSCN + 1, WHO 

Action of Paratoluidine.—An experiment was made at the same 
time, with the same thiocarbimide solution and under precisely the 
same conditions, as one with the ortho-base ; brilliant, white prisms 
were produced melting at 161—162°, and consisting of chloracetopara- 
toluidide, CH,Cl-CO-NH-C,H,. On evaporating the mother liquor to 
dryness, a further quantity of crystals was obtained; when boiled 
with baryta water, they gave no thioglycollic acid, and hence con- 
tained no paratolylthiohydantoin. In another experiment, bromacety]l- 
thiocarbimide, prepared from bromacetyl bromide, was employed, keep- 
ing the mixture externally cooled by ice and salt, but again the solid 
product consisted almost entirely of chloracetoparatoluidide. The inter- 
action is similar to that occurring with aniline (p. 621). 

Action of Methylaniline.—Operating as before, an oil was precipitated 
which rapidly hardened ; the product, when recrystallised from boiling 
alcohol, in which it is easily soluble, although rather sparingly in the 
cold, formed a yellowish, crystalline solid, becoming brown and shrink- 
ing markedly at 183°, and melting at 185—186°5°, with effervescence, 
to a deep reddish liquid. Its solution was strongly acid, and gave the 
usual reactions for a hydrochloride. By dissolving in warm spirit and 
neutralising with dilute alkali, the combined hydrogen chloride was 
withdrawn, and the solution, on cooling, deposited a brown oil which 
rapidly solidified ; when treated with alcohol and animal charcoal, and 
subsequently recrystallised from water, it was obtained in beautiful, 
flattened needles, having an extremely faint yellow tinge, and melting 
sharply between 129° and 130° (corr.). 

A sulphur determination afforded figures agreeing with those 
required for methylphenylthiohydantoin. 


0:2 gave 0°2261 BaSO,. S=15-54. 
C,,H,,N,SO requires S = 15°40 per cent. 
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The compound melts when heated with water, in which it is mode- 
rately soluble at the boiling point, and on cooling, separates almost 
completely, in oily droplets, which soon crystallise ; it is freely soluble 
in hot alcohol, moderately easily in cold, and crystallises very well 
from this solvent. The aqueous solution gives no precipitate with 
ammoniacal nitrate of silver, but, on boiling, the mixture slowly 
blackens, with formation of metallic sulphide. 

A portion was boiled with baryta water; the resultant yellowish 
precipitate gave the reaction for thioglycollic acid. Caustic alkali 
very rapidly brings about a similar decomposition ; if it is added to 
the warm aqueous solution, a faint purplish colour is developed, which 
vanishes on heating the mixture for a few seconds ; the liquid there- 
upon becomes milky looking, and reacts for thioglycollic acids. If the 
heating is continued, ammonia is slowly evolved, and an oil left 
smelling of methylaniline, and giving the reactions of this substance. 
Another portion, dissolved in warm water, was acidified with hydro- 
chloric acid and boiled for half an hour; on adding potash, an oil 
was precipitated having the odour of methylaniline, but on heating the 
solution, a barely perceptible trace of ammonia was evolved. 

These various reactions leave no room for doubt regarding the 
structure of the compound under consideration. From its ready de- 
composition by baryta-water into thioglycollic acid, the existence of the 
group, -S:CH,:CO- is established ; whilst the production of methylani- 
line, when it is treated either with alkali or with dilute acid, points 
equally clearly to the mode of linking of the nitrogen atom, introduced 
by the base in its formation, which is therefore explained as follows : 


CH,Cl * | wHMePh = {42'S >0-NMePh + HCL. 
CO-NOS CO-N 


The decomposition with alkali occurs thus : 


CH,'S CH,’ SH 
bio NZ NMePh + 3H,0= f 2 yt 002+ NH, + NHMePh. 


This compound is, I believe, the first representative hitherto des- 
cribed of a class of thiohydantoins having two substituting radicles 
attached to a single nitrogenatom. Isomeric forms are known, derived 
from symmetrical disubstituted thiocarbamides, for example, a diphenyl- 
hiohydantoin produced by acting with chloracetic acid on thiocarb- 
anilide (Lange, Ber., 1879, 12, 595), 

OS(NHPh), + CH,Cl-COOH = HCl + H,0+ §42—S>e:npn ; 
7 : “  CO-NPh 
and it seemed probable that members of the former class would be 
obtained by the interaction of this acid with the corresponding ‘ unsym- 
metrical’ disubstituted thioureas, thus : 


AND THEIR DERIVATIVES. 631 


CH,°Cl , HS). 5. CH,°Sy an. 
ianen* NH? NXY*=HCl+H,0+ {3 n7e NXY. 
wa-Methylphenylthiourea was selected for experiment. It was dis- 

solved in hot spirit, rather more than 1 mol. proportion of ethylic 
monochloracetate added, and the mixture concentrated on the water 
bath. The yellow solid, when crystallised from hot alcohol, formed 
small, pure white needles, of acid reaction, beginning to turn yellow at 
170°, then gradually darkening, and melting at 193—194°, with 
effervescence, to a liquid of the colour of bromine, This, as anticipated, 
was a hydrochloride ; on decomposing it with an alkali and recrystal- 
lising, fern-like masses of faintly yellowish crystals were obtained, 
melting sharply, without decomposition, between 129° and 130° (corr.), 
and identical with the methylphenylthiohydantoin described above. 
The difference in fusibility of the two hydrochlorides was due, evidently, 
to the lesser purity of the former, as indicated by the yellow colour and 
want of distinctness in its melting point (185—186-5°) ; that the latter 
compound was at least approximately pure, was ascertained by titration 
with normal alkali: | 


0°8947 required for neutralisation 3°65 c.c. HCl=14°83. 
C,,H,,N,SO,HCl requires HCl = 14:90 per cent. 


Action of Benzylaniline.—Vigorous action occurred, the mixture 
boiling freely, and depositing an oil, which rapidly changed to a granular 
solid ; this, after two recrystallisations from spirit, was obtained in 
short, thick, colourless prisms, melting constantly at 118—119° (corr.). 
Unlike the methylpheny] derivative, it is not a hydrochloride—it is, in 
fact, devoid of chlorine—but the free thiohydantoin, 


oH, 
CO: 


0:211 gave 0°1736 BaSO,. S=11°'28. 
C,,H,,N,SO requires S = 11°36 per cent. 


When heated with water, it melts, dissolving slightly, and separating 
out again, on cooling, in the form of oily droplets which soon harden ; 
it is easily soluble in hot alcohol, moderately in cold, and dissolves also 
in not too weak hydrochloric acid, the latter solution being precipitated 
by dilution with water. It gives no precipitate in alcoholic solution 
with a few drops of either neutral or ammoniacal nitrate of silver. 

A portion was boiled for an hour in dilute hydrochloric acid solution ; 
on cooling, beautiful, thin plates of benzylaniline hydrochloride separated, 


WON (CoH)\CHy'CyH,, 


* It is not yet established whether these compounds are ‘thiocarbamides’ or 
‘thioureas,’ but the latter structure is here provisionally assigned as more satis- 
factorily according with their mode of production from the secondary ammonium 
thiocyanates, 
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melting at 202 —203°, and giving, with caustic alkali, an oil changing to 
well formed crystals of benzylaniline, melting at 35—36°. Another 
substance was also obtained in small quantity, this was free from chlorine, 
but contained sulphur and melted at about 123—124°; it was, doubtless, 
not quite pure thiocarbimidoglycolide (dioxythiazole) m. p. 125—126° 
(Claésson, Ber., 1877, 10, 1353); 128° (Heintz, Annalen, 1865, 
136, 232): 


CH,:S ' CH,* SX, 
bo tye ‘NBzPh + H,0= 1) a + BzNHPh. 


Allylphenylthiocarbamide and Chloracetamide. 


These substances were caused to interact, in the hope of obtaining 
two isomeric disubstituted thiohydantoins— 


CH,Cl HS CH,—S 
O:NAIl=NH,Cl CIN AIL 
(4). bo: NH, * ae + do-NP o 


CHCl HS . are 
b). + C:NPh=NH C145 CINPh. 
©) ko. NH, an” pen” 


About 14 grams of materials were dissolved in spirit, the mixture con- 
centrated as far as possible on the water bath, and the resultant oil 
partially separated from the ammonium chloride by extraction with 
hot absolute alcohol, the filtrate being again evaporated and treated 
as before. The product, after a few days’ standing, deposited a further 
trifling quantity of ammonium chloride, which was removed by means 
of the pump; it now formed a clear, golden-coloured oil, soluble in 
concentrated hydrochloric acid, but reprecipitated by the addition of 
water. When cooled in ice and salt, it became very tenacious, but 
did not crystallise. After being kept for some days over sulphuric acid, 
it was analysed, with the following result. 


0°2049 gave 0:2082 BaSO,. S= 13-96, 
C,,H,,N.SO requires S = 13°80 per cent. 


In the course of about a week, a slight deposition of crystals began, 
which was not materially increased after another week’s standing ; the 
amount was too small to admit of purification ; after being drained on 
the pump, the crystals were examined, but no chemical difference was 
found between their behaviour and that of the oil. The latter dissolved 
easily in warm alcohol; its solution was darkened by ammoniacal 
nitrate of silver, and slightly desulphurised on boiling with alkaline 
lead tartrate (probably owing to the presence of a trace of unchanged 
allylphenylthiocarbamide) ; when boiled with dilute caustic alkali, it 
was rapidly decomposed, with formation of thioglycollic acid. 

In order to ascertain whether more than one form of allylphenyl- 
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thiohydantoin had been produced, the oil was boiled for several hours 
with somewhat diluted hydrochloric acid ; the solution reacted strongly 
for aniline, and when heated with excess of potash, freely evolved an 
alkaline gas having a pungent ammoniacal odour, but giving with 
Nessler’s solution a pale primrose-yellow precipitate, and hence con- 
sisting, not of ammonia, but of al/ylamine. 

From the above results, it would appear that the oil contains both 
the expected isomeric forms, although, in this instance, they could not 
be isolated ; the action may be formulated thus: 


One CH,-S\... 
O:NPh +H,0= [42'S So:nph + AINH,. 
GO: aa do: ar 2 


CH,—S CH, b . 
2 ag -NAll+H,0 = 97 NAIl + PhNH,. 
Thiohydantoic Acids.—In this class, two different forms of mono- 
substitution derivatives are known in which the radicle is attached to 
nitrogen. Thus, from phenylthiourea and ammonium chloracetate, a 
phenylthiohydantoic acid is obtained (P. Meyer, Ber., 1881, 14, 1660) 
which does not melt, but decomposes on heating, whilst a compound 
of the same ultimate composition is produced on boiling a mixture of 
aniline, chloracetic acid, and ammonium thiocyanate with alcohol 
(Jaeger, J. pr. Chem., [ii], 16—17), or by adding aniline to an ethereal 
solution of thiocyanacetic acid (Claésson, Ber., 1881, 14, 732); it 
melts at 148—152°. According to Meyer, the former is 
NHPh:C(NH):S-CH,°COOH ; 
the latter is represented as NPh:C(NH,):S:CH,* COOH. 

But since Meyer’s compound is easily convertible, by loss of water, 
into phenylthiohydantoin, whilst Jaeger’s, apparently, is not, some 
doubt arises as to whether the constitutional formule should not be 
exchanged ; moreover, the synthesis above mentioned, of Jaeger’s pro- 
duct from thiocyanacetic acid, seems to accord more satisfactorily 
with the view that it is NHPh:C(NH)-S-CH,*COOH ; the question 
here raised is being experimentally investigated. 


II. a-BRoMOPROPIONYLTHIOCARBIMIDE, CH,* CHBr*CO-NCS. 


a-Bromopropionyl bromide (21°6 grams), dissolved in dry toluene, 
was boiled for about 15 minutes with a mixture of lead thiocyanate 
and sand ; on filtering, a dark brown solution of the thiocarbimide 
was obtained, having, when hot, a slightly pungent odour, and behav- 
ing with iron, lead, and silver salts in the same way as its congeners. 

Action of Aniline—A solution in benzene was used ; interaction 
took place at once, with formation of a dark-coloured oil, from which 
crystals presently began to separate; they contained sulphur, but 
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were not desulphurised by heating with ammoniacal silver nitrate. The 
quantity was very small, and on standing for a few days, they dis- 
appeared, giving place to a tarry, viscid oil, which could not again be 
made to crystallise. 

Action of Orthotolwidine.—The remainder of the same thiocarbimide 
solution was used ; interaction commenced at once, with evolution of 
traces of hydrogen sulphide, and a blackish oil was deposited, which, 
after a time, partly solidified ; the product, when drained and washed 
with benzene, formed a nearly white, crystalline mass, containing 
sulphur, and giving a precipitate of silver bromide with aqueous silver 
nitrate. 

Caustic alkali (1 mol.), when added to the solution in weak spirit, 
precipitated a clear brown oil, which hardened after many days’ stand- 
ing: the liquor poured off from the solid residue contained all the 
bromine of the original compound, as sodium bromide. 

The solid residue separated from dilute alcohol as an oil, slowly 
changing to thick prisms; it was first quickly washed with alcohol, 
then with light petroleum, drained on a porous slab, and once more 
recrystallised from weak alcohol; short, white prisms were thus ob- 
tained, forming, when dry, a sandy powder, melting at 72—73° (uncorr.) 
to a turbid liquid. 

02067 gave 0°2155 BaSO, S=14:33. 

C,,H,,N,SO requires S = 14°56 per cent. 

The formation of this compound may be represented by the equation 
oH 
CO-N 
It is moderately soluble in boiling water, from which, on cooling, it 
separates as an oil; practically indefinitely soluble in boiling alcohol, 
easily in cold, freely in ether, benzene, and chloroform ; from the last 
named solution, it is precipitated as an oil on adding light petroleum. It 
also dissolves easily in dilute caustic alkali, but this solution, when 
mixed with a lead salt, is not desulphurised by boiling for a short 
time. Ammoniacal nitrate of silver produces, in the alcoholic solution, 
a curdy, white precipitate, dissolving on heating, and reappearing on 
cooling ; this solution, also, is not blackened by boiling. By continued 
boiling of the solution in weak alkali, it is gradually decomposed, and 
the iron test if then applied produces a purplish coloration, due to 
the presence of methylthioglycollic (a-thiolactic) acid : 

OH,°CH * SS0:nT0+3H,0— OMe Se 
CO-NH CO:OH 

Action of Methylaniline.-—The base was dissolved in absolute alco- 

hol; much heat was evolved, which was checked by external cooling with 


CH, CHBr-CO-NCS + 0,H,-NH, = CH" 


5>e :NO,H, + HBr. 


+CO,+NH,To + NH;,. 
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water, and the clear, reddish solution produced, showing no tendency 
to crystallise. After standing for a few days, it was neutralised with 
caustic alkali and steam-distilled ; the residual clear brown, slightly 
acid oil was dissolved in a little spirit and again neutralised, whereupon 
it solidified to a yellow mass, the yield (including a quantity recovered 
from the aqueous solution) amounting to nearly 60 per cent. of the 
theoretical. By recrystallisation from weak spirit, and subsequent 
treatment with animal charcoal, very brilliant, colourless, six-sided, 
vitreous plates were obtained, melting sharply between 129° and 130° 
(corr.) ; they were free from bromine. 


0:2047 gave 0'2186 BaSO,. S=14°68. 


CH,°CH:S 
. dow C'N(CH;)'C,H; requires S = 14:56 per cent. 


When boiled with water, the compound melts, dissolving toa moderate 
extent, but separating again almost entirely on cooling; it is mode- 
rately soluble in cold spirit, very soluble in hot, or in warm benzene ; 
the latter solution is partially precipitated on adding light petroleum. 
If boiled for a few minutes with dilute alkali, the residual solution 
gives the iron reaction for methylthioglycollic acid. 

Action of Benzylaniline.—This, in absolute alcohol, interacted spon- 
taneously with the thiocarbimide although with less evolution of heat 
than in the preceding case ; the product, when similarly treated, formed 
a clear, yellow, very tenacious oil. When boiled for several minutes 
with dilute alkali, the mixture reacted for methylthioglycollic acid, but, 
on analysis, the oil was found to contain only 9 per cent. of sulphur, 


against 10°82 calculated for oe ee *N(C,H,),C,H,. 


IIT. a-BroMoBUTYRYLTHIOCARBIMIDE, CH,*CH,* CHBr-CO-NCS, 


Prepared like its congeners, from a-bromobutyryl bromide, the pro- 
duct formed a dark brownish, clear solution, having, when hot, a faintly 
pungent odour. When shaken up with cold water and ferric chloride, 
little colour was at first developed, but on standing, the mixture 
gradually became red ; the alcoholic solution was easily desulphurised 
by boiling with alkaline lead tartrate. 

Action of Aniline.—4°6 grams in benzene were added to 10°4 grams 
of the thiocarbimide ; an oil separated, which presently became solid, 
and 6°5 grams of dry product were eventually obtained; when re- 
crystallised from alcohol, it formed white needles melting at 148—149° 
(corr.) without decomposition. Being scarcely acid to litmus, and 
melting at a comparatively low temperature, the compound was pre- 


636 DIXON: HALOGEN-SUBSTITUTED ACIDIC THIOCARBIMIDES, 


sumably not a hydrobromide ; on analysis, it proved to be free from 
bromine, but contained nitrogen and sulphur. 
02206 gave 0:233 BaSO,. S=14°52. 
C,,H,,N,SO requires S = 14:56 per cent. 


The interaction may be thus represented : 


C,H,*CHBr C,H;*CH : § 
oH NH,= * ” bo.wy_OO:NC,H; + HBr, 


co-nos t+ 
the product being, accordingly, a form of ethylphenylthiohydantoin. 
It is insoluble in water, moderately soluble in boiling alcohol, rather 
sparingly in cold, easily in caustic alkali; from this solution, it is pre- 
cipitated unchanged by dilute hydrochloric acid. It is not desulphurised 
by boiling with alkaline lead tartrate, or with ammoniacal nitrate of 
silver ; if heated ina dry tube,‘it is decomposed, with evolution of 
sulphuretted hydrogen. This, it may be noted, is the only case in 
which the attempt to prepare a thiohydantoin from aniline, and a 
halogen-substituted thiocarbimide was successful; the yield—some- 
thing over 59 per cent. of the theoretical—was about the average of 
that commonly obtained. 

Action of Orthotoluidine. —Using 5:3 grams of base, only 6 grams 
of a reddish solid were obtained, which, on recrystallisation from spirit 
(whereby the greater part of it was lost), afforded pure white needles, 
freely soluble in alcohol, containing bromine, yielding, with silver salts, 
a precipitate of silver bromide, strongly acid to litmus, and melting 
at 224—225° (corr.). 


0:210 gave 0°1569 BaSO,. S=10°26. 
C,,H,,N,SO,HBr requires S= 10-17 per cent. 


By concentrating the mother liquor from the needles, another some- 
what impure crop was obtained ; this, when neutralised, gave a brown 
oil, which, on long standing, partially crystallised ; the mother liquor 
was poured off and the residue shaken with water, recrystallised a 
couple of times from dilute spirit, drained on a porous slab and freed, 
by boiling with light petroleum, from traces of oily matter which it still 
retained ; a white, sandy powder was left, free from halogen, melting 
at 95—96:5° to a turbid liquid (which became clear at 98°), and afford- 
ing the following result on analysis, 


02029 gave 0:2009 BaSO,, S=13°61. 
C,,H,,N,SO requires S = 13-69 per cent. 


The compound is sparingly soluble in boiling water, nearly insoluble 
in cold, freely soluble in the ordinary organic solvents, with the excep- 
tion of light petroleum. With silver and lead salts, it behaves like 
the phenylic homologue, and resembles this further in being easily 
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soluble in warm, dilute alkali; if the latter solution be boiled for 
some time, acidified with hydrochloric acid, and treated with ferric 
chloride, followed by ammonia, a transient, purplish coloration is pro- 
duced, due, probably, to the presence of ethylthioglycollic (a-thio- 
butyric) acid. 


C,H5°CH * SSo:nTo + 8H,0 = NH,To + NH, + 00, + 0,H,* CH:SH 
0O-NH sath dot 


Nomenclature of Thiohydantoins and. Thiohydantoic Acids. 


So many additions have been made in recent years to the thiohy- 
dantoins and their allies, that the existing nomenclature no longer 
suffices even to define the particular class of compounds to which a 
so-called ‘thiohydantoin’ belongs, much less to distinguish between 
isomeric members of a given class. 

At present, those compounds in which glycolyl, -CH,°CO-, displaces 
2H from two different points of attachment in CSN,H, are commonly 
designated thiohydantoins, independently of whether that hydrogen 
comes from two NH, groups in CS(NH,),, or from SH and either of 
the two nitrogen attachments in NH:C(SH)-NH, ;* there are thus 
three distinct typical forms. 


CH,-NH CH, :S CH," 
(l) do: aos (2) dowHeOCNH (3) Lo yO NE, 
From these, no less than eight different monosubstitution derivatives 
are theoretically possible, and in the methyl] series three have already 
, CH 2 NH > 0g eg WH 4 
been obtained, namely, bo: NMe CS, CO -NMe C:NH(?), an 


CHMe: 8 
Co: HO? NH. These compounds are all known underthe same name. 


Similar remarks apply to the thiohydantoic acids. 
As regards general structure, form (1), above, is distinct in type from 
(2) and (3), which are tautomeric with one another ; it is the true 


sulphur analogue of hydantoin, ho a> and the existing con- 


fusion might therefore be obviated by reserving exclusively for it, and 
its derivatives, the name thiohydantoin. 

This would, of course, entail a new nomenclature, or at least some 
modification of the old one, for the isomeric forms, such as (2), originally 
supposed to be true thiohydantoins, but now known to be derivatives 
of NH:0(SH)-NH,,. 

A proposal was made some time ago (Emerson Reynolds, Trans., 

* Derivatives of the latter, in which the glycolyl is attached through both the 


: N * CH 
nitrogen atoms, thus, HS‘C< 6 0 . are known as thioimidazolones. 


VOL. LXXI. 4 
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1891, 59, 395) that the latter compound should be called thiowrea, in 
order to distinguish it from thiocarbamide, CS(NH,), ; the convenience 
of this specialised use of the word, particularly in naming its deriva- 
tives, is obvious, and I venture to suggest that it be applied, by giving 


to such ‘ thiohydantoins’ as contain the thiourea residue, N Hy 0 


or N 0<Sy the generic name thiowrantoin. Corresponding to 


the true thiohydantoins are the acids of the form Ose CH, COOH ; 

to these alone the name ‘ thiohydantoic’ would apply, whilst those of 

the type Nis >C'S:CH, COOH, similarly related to thiourantoin, 
2 


would, in like manner, be distinguished as ‘ thiourantoic.’ 

Against this system may be objected that it would involve some 
change in names which have become associated with certain compounds ; 
but as it is now known that these names do not properly accord with 
the structure of the corresponding compounds (save as applied to 
the particular classes where it is proposed to retain them), a change’ 
might perhaps, even on this ground alone, be regarded as permissible. 

In order to express the position of substituting radicles, the nomen- 
clature lately proposed for certain forms of substituted thioureas, Wc., 
(Trans., 1895, 67, 564) may be applied as follows : 

(1) Thiohydantoins.—Three points of attachment require to be de- 
fined ; one at each nitrogen atom, which may be marked, as in the case of 
ordinary substituted thiocarbamides, a and 0 ; the remaining one, at the 
CH, group, may be marked a, the @ and a being used for adjoining 
positions, as shown in the diagram, 

| NH-OH 
2 
os<nee " 
(0) 
(2) Thiowrantoins.—Derivatives exist in one or other of the typical 


forms : 
(a) (a) 


CHS. CH,—S\,,.- 
(1) Eee NH, Q) ONE OE 
(n) 1) 

In (1) the n-nitrogen atom, and in (2) the v-atom, is engaged with that 
portion of the glycolyl group not already attached to S, hence the former 
would be n*-thiourantoin, the latter, y-thiourantoin. Marking, as 
before, the CH, attachments by a, it is next required to express the 
position of substituting groups at the nitrogen atoms ; in the second 
formula given above, this must be either at the m- or v-position (or 
both), and it is only necessary to prefix the distinguishing letters to 


* Or better V-; see below. 
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the names of the radicles, for example, New’ Me=n-methyl- 


thiourantoin. In the first, there is only a single nitrogen attachment 
available, namely, the NH, ; this, like the NH, of the thiosemicarbazides, 
may, when substitution occurs at it, be conveniently designated by 
(see Trans., 1896, 69, 862) ; but, for the sake of uniformity, it is desir- 
able that all forms containing this group, whetber its H be replaced or 
not, should be classed together as V-compounds, 


Thus, form (1), together with all its derivatives is characterised by 
N, whilst » or v (or both) serves to distinguish form (2), in addition to 
marking the position of whatever substituting radicles may be present. 

By way of illustration, the following list of named monosubstitution 
derivatives is appended : 


(1) 
(2) 
(3) : I ee 99 


(4) Te pO NMe ... n-Methylthiourantoin. 


a 
5 2 ONE... » te 
(5) homes” , 


(6) ay H. a-Methyl-v-thiourantoin. 
(7) Gyo NHMe... N-Methylthiourantoin. 
(8) MeCH'S 
CO-N 

Nos. 4 to 8, above, may also be regarded as derivatives of a-oxyhy- 
drothiazole. The ‘thiazole’ nomenclature, however, not only fails to 
recall their relationship to the isomeric true thiohydantoins, but is also 
rather cumbrous ; for instance, the proposed J-, n-, and v-methylthio- 
hydantoins would, on this system, become p-methylamido-a-oxy-c-thia- 
zoline, y-methylimido-a-oxythiazolidine, and m-methyl-y-imido-a-oxythia- 
zolidine respectively. 

(3) Acids.—From ‘ thiohydantoin ’ is derived the thiohydantoic acid, 

NH,°CS:NH-CH,:COOH 
@) @ ©) 
whilst corresponding to monosubstituted ‘thiourantoins’ are the acids 
NR . NH : 

COOH: CH,'S:C< yyy and COOH:CH,'S:‘C<y arp respectively ; the 


> e 


>C:‘NH,... a-Methyl-¥-thiourantoin. 
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positions of substituting radicles may be marked, as before, n at the 
doubly-, and y at the singly-linked nitrogen atom, thus : 


(n) 
NH 
NH-° S-CH,:COOH. 
(v) (a) 
Both J and v thiourantoins, it may be noted, are different anhydrides 
of the same (v) substituted thiourantoic acid. 

It has already been indicated that derivatives are known of sub- 
stances isomeric with the thiourantoins, but having the glycolyl group 
attached entirely through the nitrogen ; thus, by acting with methylic 
iodide and potash on 6-phenyl-a-dimethylthichydantoin, 

NPh:CO 
OS<VH-CMe,’ 
a base, Mest , is obta 
Stelzner, Ber., 1891, 24, 3295). This compound is related to the 
parent substance in the same way as, for example, methyl--thiourea 
to thiocarbamide, and such a form might therefore be classified as a 
y-thiourantoin ; but its title—methyl--v-phenyl-a-dimethylthiouran- 
toin—would be scarcely less complex than the one already assigned to 
it, namely, v-phenyl-8-dimethy]-y-thiomethylimidazolone. 


ined (Marckwald, Neumark, and 


It may here be added that the chlorides derived from pheny]l- 
sulphonic and ethylsulphuric acids, respectively, also interact with 
lead thiocyanate, thereby affording solutions which give with alkaline 
lead or ammoniacal silver salts the reaction (desulphurisation) in- 
dicating the presence of dissolved thiocarbimide ; sulphuryl chloride 
and chlorosulphonic acid behave similarly, but with some collateral 
decomposition shown by the evolution of sulphurous anhydride. 

Phosphorus trichloride, under like treatment, afforded a solution free 
from chlorine, and having a rather pungent odour, easily and strongly 
desulphurised by the above metallic salts, and giving, with ferric 
chloride, an intense reaction for thiocyanic acid. When mixed with 
aniline (3 mols.) dissolved in benzene, heat was evolved, and an oil 
separated, together with solid matter, the former rapidly hardening. 
The yellowish product, when recrystallised first from alcohol and then 
from boiling water, was obtained in white prisms melting at 152—153°, 
and consisting of phenylthiourea ; it would seem, therefore, that phos- 
phorus trithiocyanate (Miquel, Ann. Chim. Phys., 1877, [v], 11, 349) 
is at least not the sole product of this action. 

Anhydrous stannic chloride was also employed, but though decom- 
position appeared to occur, no trace of thiocarbimidic product could be 
detected. Considerable difficulty was experienced in most cases iD 
realising satisfactory conditions for interaction, and the experiments 
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above mentioned are still incomplete; it is proposed, however, to 


continue them. 
I desire to express my thanks to Mr. R. E. Doran for the assistance 


which he has given in connection with the work described in this paper. 
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LXV.—On the Circumstances which Affect the Rate of 
Solution of Zine in Dilute Acids, with Especial Re- 
ference to the Influence of Dissolved Metallic Salts. 

By Joun Batt, Ph.D., A.R.S.M. 
(Abridgment of Paper taken as read December 3rd, 1896). 


Great differences in the rate of reaction of zinc with dilute .acids 
under varying conditions have long been remarked, and many ex- 
periments have been made for the quantitative determination of the 
variations of velocity produced by definite alterations in the con- 
ditions of reaction. The comparative value of these experiments has 
been greatly diminished by the unfortunate circumstance that they 
have been made with zinc of various degrees of purity, the purity or 
otherwise of the metal being one of the most important factors 
influencing the reaction. The acid mostly used has been sulphuric, 
and the effects of the following conditions have been observed :— 
i. Variations of concentration of the acid ; * t 
ii. Previous special treatment of the acid ; ¢ 
iii. Variations of temperature ; $ || 
iv. Variations of pressure ; § || 
. Variations in the surface-condition of the zinc ; t 
i. Alloys of known amounts of foreign metals with the zinc ; J 
ii. Performance of the solution in vessels of different materials ; § 
viii. Addition to the acid solution of (a) oxidising agents ; t || 
(8) reducing agents ; ¢ (y) foreign acids ;* * (8) salts of foreign metals. 
‘It is in the last-named connection, namely, the influence of salts of 
foreign metals present in the solution, that the researches of the author 
have been conducted. It seemed desirable, for purposes of comparison, 


* De la Rive, Ann. Chim. Phys., 1830, [ii], 43, 425. 

+ Calvert and Johnson, Chem. Soc. J., 1866, vol. 19, 434. 

} Pullinger, Trans. Chem. Soc., 1890, 57, 815. 

§ Mendelejeff, ‘‘Grundlagen der Chemie,’’ Aus dem Russischen dbersetzt von 
Jawein und Thillot, 1892, 710. 

|| Weeren, Ber., 1891, 24, 1785. 

I Spring and Aubel, Ann. Chim. Phys., 1887, [vi], 11, 505. 

** Divers and Shimidzu, 7rans, Chem. Soc., 1885, 47, 597. 
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to obtain accurate measurements of the effects produced by the salts 
of different metals. At the outset, it was deemed advisable to avoid 
the effect of the presence of two different acids by using that salt of the 
metal which corresponded with the acid used to attack the zinc, for 
example, sulphates in sulphuric acid solutions, but the difficulty arose 
that some metals form insoluble sulphates, and a similar difficulty occurs 
with the chlorides. The nitrates are all soluble, but it was not considered 
advisable to use nitric acid, as the results would be complicated by 
the numerous secondary reactions which occur when zinc is dissolved 
in nitric acid. It was decided, therefore, to make two main series of 
experiments: (i) on the effects of the soluble sulphates in sulphuric 
acid solutions ; and (ii) on the effects of the soluble chlorides in hydro- 
chloric acid solutions. It is proposed to give a brief account of these 
experiments below. 


‘LZ. Influence of Dissolved Sulphates (with Sulphuric Acid). 
a. Relative Effects of different Sulphates. 


The object of this first series of experiments was to compare the 
effects of the sulphates of different metals added in equivalent 
amounts under identical conditions. The sulphates used were those 
of aluminium, magnesium, chromium, manganese, iron, silver, copper, 
cobalt, and nickel, and the method consisted in submitting thin plates 
of pure zinc of the same size and weight to the action, at constant tem- 
perature and atmospheric pressure, of sulphuric acid solutions of equal 
volume and concentration, containing equal weights of the different 
metals as sulphates, and observing the velocity of evolution of hydro- 
gen, which, of course, gave a measure of the velocity of the reaction. 

The zinc used was chemically pure, prepared from the oxide by 
reduction and distillation, and was supplied to me in the granulated 
form by Prof. Winkler. It was, however, necessary to use the metal 
in some form which could be kept the same throughout the whole 
series of experiments. By fusing it in a porcelain crucible with a 
small amount of ammonium chloride (to prevent oxidation) and pour- 
ing it down a porcelain slab held inclined at about 45°, the zine was 
obtained in perfectly clean strips of about lcm. in width, and very 
uniform in thickness, this being such that each square cm. weighed 
almost exactly 0°2 gram. The equality of the different strips was a 
good indication that the metal was always poured at the same tem- 
perature, so as to produce in all cases the same state of molecular 
aggregation and the same surface-condition. The surface of the zinc 
strips thus prepared was bright and slightly crystalline, with faintly- 
visible longitudinal and transverse striations, and the strips gave a loud 
crackling sound when bent, very similar to the “cry” of tin. For 
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each experiment, a piece of zinc 1 cm. square was used, the thickness 
being about 0°28 mm., and the weight 0°200 gram; the weight was 
adjusted to within one-fifth of a milligram. Care was taken to avoid 
handling the zinc more than necessary, and, before use, each weighed 
piece was washed with water and rubbed dry between two layers of 
filter paper. 

In each experiment, the acid solution contained 17 c.c. of water and 
8 c.c. of anhydrous H,SO,, so that the solution corresponded with 6:3 


IE nl 

‘\\ fea 

, ae Wf 
molecules of water for each molecule of H,SO,, or 46°5 per cent. of 
H,SO,. This proportion was not selected for any special scientific 
reason, but the volumes were convenient for accurate measurement, 
whilst the action of this mixture was moderately quick, and the gas 
evolved pure hydrogen. In the first experiment, the acid solution 
was used alone, but in the other cases the solution was arranged to 
contain 0°020 gram of the foreign metal in the form of sulphate. 

The apparatus used is shown in the diagram. The dissolution of 


a 
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the zine was effected in the flask A. As will be seen from the figure, 
the little plate of zinc Z was carried by a sliding glass rod 2, flattened 
and bent at its lower end; the object of this arrangement was to 
enable the experimenter to immerse the zinc at the desired instant, by 
depressing the rod without opening the flask. The flask was about 
half-filled by the 25 c.c. of acid solution used. In addition to the 
sliding rod just mentioned, the india-rubber plug was pierced to admit 
a thermometer and delivery-tube, the latter being connected with the 
gas-burette B, which was provided with a three-way cock C’,, and a 
lower cock C’, and connected by flexible tubing with the levelling-tube 
ZL. The burette, which was capable of holding over 100 c.c., was 
graduated to fifths of a c.c., so that volumes could be accurately 
estimated to 0-1 c.c. During the experiments, the acid was maintained 
as nearly as possible at a constant temperature of 40° on a water bath. 

The actual process of experiment was as follows. The apparatus 
being arranged as shown in the figure, the three-way cock (’ was opened 
so as to put the burette in communication with the atmosphere (the 
lower cock C’ remaining always open), and water was poured into the 
levelling tube and the tube adjusted until the liquid stood precisely 
at the 90 c.c. mark. The cock was then turned so as to close the 
burette and open the flask to the atmosphere, and, after noting the 
barometric height and the temperature of the air, the rod carrying the 
zine was depressed, the three-way cock being then immediately turned 
so as to put the flask in communication with the burette. In this 
way, the displacement of air caused by the depression of the rod was 
prevented from affecting the readings. As the reaction proceeded, 
the levelling tube was continually moved downwards, so as to keep 
the height of the liquid the same in the two legs, and the reading of 
the top of the liquid column was taken at suitable intervals by a 
watch marking seconds. 

The accurate reading of the constantly-increasing volume at the 
desired instant, when the gas was coming off rapidly, was found 
at first to be a matter of difficulty, but this was got over as follows. 
A strip of white paper was pasted down the burette alongside the 
graduations, and an assistant was instructed to stand by with the 
watch in hand, and at, say, every sixtieth second to make a tap on 
the bench ; on hearing the tap, the observer marked the height of the 
water-surface in the burette on the paper strip by means of a sharp- 
pointed pencil. The positions of the marks were afterwards carefully 
read off and noted. 

In the following tables, the figures in the columns headed Vol. show 
the volumes (in c.c.) of hydrogen evolved, as read off at definite 
intervals, after reduction to 0° and 760 mm., whilst the columns 
headed Vel. give the corresponding mean velocities (c.c. per minute) 
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of evolution of hydrogen in the respective intervals, as found by 
dividing the increase of volume by the number of minutes in the 
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Added salt. 


CoSO,. 


Time in minutes 
from 
commencement, 


SAsd 


or 


53°1 
59°7 
63°4 
66°1 
68°5 
69°4 
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Norr.—In the experiment with Ag,SO,, large, grey, porous masses of reduced 
metallic silver accumulated: on the zinc, and became dislodged at intervals, 
forming a residue after the reaction. With CuSQ,, a similar reduction of copper 
took place, the reduced metal floating in the solution, probably in consequence of 
occlusion of hydrogen ; the originally blue liquid was almost decolorised. In the 
case of the other salts, no reduction of metal could be observed. 


Discussion of the Results of the Foregoing Series of Experiments. 


If we consider any one experiment, we may roughly divide the 
reaction into three parts, (1) an initial part, in which the reaction 
is being accelerated, probably owing to the surface of the zinc only 
gradually acquiring the state most favourable to its dissolution, and 
also, in the case of added salts, by the gradual deposition of a film of 
more electro-negative metal on the zinc, producing galvanic action ; 
(2) a middle part, where the velocity is roughly constant ; and (3) a 
terminal part, in which the velocity gradually diminishes to zero, 
owing mainly to two causes, namely, diminution of the surface of the 
metal by corrosion, and diminution of the amount of free acid in the 
solution. 

If we seek to compare the results of the different experiments, it is 
unsatisfactory to consider the average velocities, because (a) it cannot 
be assured that the surface of the zinc is in all cases absolutely the 
same, and thus the beginning of the reaction may be modified ; and 
(6) the end of the reaction is modified by the fact that, owing to slight 
accidental causes, the different pieces of zine will yield differently to 
the acid—one piece may retain its full area till the reaction is nearly 
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over, whilst another may be so corroded that only half its original area 
is left even some minutes before the end. Hence it is probably best 
to take the maximum velocities as our basis of comparison, and so 
eliminate the effects of the initial and terminal irregularities just 


mentioned. Thus we have: 


Relative max. velocity 
Metal added (as Maximum observed (taking the velocity 
sulphate). velocity. without salts as =1). 


(None) 0°94 1:00 
Magnesium 0°92 0:98 
Aluminium 0:96 1°02 
Chromium 1°56 1°66 
Manganese 1°94 2°06 

2°20 2°34 

Silver . 9°36 
Cobalt ‘ 18°09 
21°70 

Nickel 37°87 


The slight lowering of velocity in the case of MgSO,, as well as the 
slight increase in the case of Al,(SO,),, is well within the limit of 
possible errors of experiment. The other sulphates tried all show 
marked effects. 

It is remarkable that in some of these cases—amongst them that of 
highest acceleration—no precipitation of reduced metal could be noticed, 
so that, although the observed action may have been in all cases the 
result of a reduction of metal from the added salt, the amownt of metal 
so reduced had, at any rate, only a subordinate value in determining the 
amount of acceleration. 


b. Influence of the Amount of Salt added. 


This was determined by a special set of experiments, conducted under 
precisely the same conditions as the foregoing, in which cobalt sulphate 
was added in varying amounts to the sulphuric acid solution, and the 
accelerations measured. The results showed that, whilst the addition 
of a mere trace of the salt to the pure acid solution produced a large 
acceleration, this effect became proportionally less and less for further 
additions, and when the total amount of cobalt in the solution reached 
0020 gram, a further addition of the salt produced practically no 
increase in the velocity of reaction. 


II. Jnfluence of Dissolved Chlorides (with Hydrochloric Acid). 


In enquiring into the influence of small quantities of added chlorides 
of foreign metals on the solution of zinc in hydrochloric acid, it was 
hoped to gain evidence on two points, (1) on the influence of salts of 
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those metals which could not be conveniently obtained or used as 
sulphates, and (2) whether, in the cases where the influences of the 
corresponding sulphates in sulphuric acid solutions and chlorides in 
hydrochloric acid solutions could be examined, these influences were 
of a similar order. 

The general features of the experiments in this hydrochloric acid 
series were identical with those of the foregoing sulphuric acid series, 
but the acid was more dilute (containing 10 per cent. of HCl), and the 
temperature was kept lower, namely, at 20°. In the case of added 
salts,.0°020 gram of the foreign metal was present as chloride, the 
volume of solution used being 40 ¢.c. in each experiment. The zinc plates 
used were exactly similar to those employed in the previous series. 

The metals whose chlorides were tested were manganese, lead, tin, 
copper, cobalt, gold, platinum, and nickel. For the sake of brevity, 
we may omit the experimental numbers ; suffice it to remark that the 
course of the reaction was essentially similar to that in the former 
series, except perhaps in the case of nickel chloride, where the velocity 
in tie first moments rose particularly slowly, although the maximum 
velocity was greater in this than in any other case. In the following 
table the maximum velocities observed are tabulated.as before. 


Relative max. 


Metal added (as Maximum velocity velocity (velocity 
chloride). observed. without salts=1). 


1-00 
Manganese . . 1°62 

3°15 

5°07 
10°96 
30°68 
38°90 
42°19 
45°48 


The accelerating action of salts seems to be even more marked in 
these hydrochloric acid solutions than in those of sulphuric acid. If 
we compare the accelerations produced by sulphates in sulphuric acid 
with those produced by the chlorides of the same metals in hydro- 
chloric acid, we find a certain rough analogy, although the order is 
not quite the same in the two series; thus: 


Acceleration produced by 
Chloride in HCl. Sulphate in H,SO,. 


1°94 
21°70 
18°09 
37°87 
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The figures here indicate the number of times by which the maxi- 
mum velocities with the respective salts exceed the maximum velocities 
without any salt added, as found in the experiments described. 


LXVI.—The Composition of Cooked Fish. 


By Miss Karnarine I. Witutams, Associate of University College, 
Bristol. 


THE investigations described in the following pages were commenced 
at the suggestion of Dr. Ramsay, and I have received much kind as- 
sistance from Dr. 8. Young, in the way of advice as to working 
details. 

The main object of the work was to gain information regarding the 
composition of foods as served at table. 

Most of the previous work on this subject deals with analysis of 
raw foods, as may be seen by reference to “ Die Menschlichen Nahrung 
und Genussmittel,” by Dr. Kénig; ‘“ Precis des Substance alimen- 
taire,”’ by Payen ; or to “The Chemical Composition and Nutritive 
Values of Food-Fishes and Aquatic Invertebrates,” a monograph ex- 
tracted from the report of the U.S. Commissioner of Fish and 
Fisheries for 1888, where full details will be found of Dr. W. O. 
Atwater’s own investigations, as well as of those of several European 
analysts. As explained in the author’s previous paper on “The Com- 
position of Cooked Vegetables ” (Trans., 1892, 61, 226), little is known 
with regard to the changes produced during the processes of cooking, 
Of the fish used, a considerable number were bought when in full 
season from fishmongers in Clifton, whilst the cod, lemon soles, and 
turbot came from Grimsby. 


General Preparation of the Samples used. 


The fish was prepared just as it would be served at table, first 
cleaned, and then boiled in undistilled water, as supplied by the 
Bristol Water Company, which shows about 26 degrees of hardness, 
chiefly due to calcium carbonate. The salt cod and herrings were 
soaked in cold water for several hours before cooking to dissolve out 
some of the salt ; while the sardines and tunny were well washed in 
both boiling and cold distilled water, to remove as much of the surface 
oil as possible. When cold, all the bones, head, and such portion of 
the skin as would not be eaten were removed and carefully weighed, 
crushed with a pestle and mortar, boiled in distilled water, the filtrate 
siphoned off, and evaporated over a water bath till the weight of the 
residue was constant ; this residue was taken as gelatin. 
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As served at table. 


Name of fish. Portion analysed. 
Gelatin. | Water. 


Herrings February ... 

Salt herrings ...... January 

Sprats November... 

Sardines 

Salmon DOCTEOE cnc eciise «dees 

Section, body and 
head 


California salmon Flesh from section. 
Eels Heads removed ... 


.| February ... 
January 
January Whole 
February ...| Section 
.| Anterior and head.. 
Section 


ooosoooco 
SHO oowsz 
DOCAROW ES 


December ...| 
March 
Lemon soles January 
John Dory 
Oysters 


ree 
om 
CO BD 


Method of Analysis of the Flesh. 


The methods employed were as follows. 

Determination of Water.—Every sample of the flesh of the fish was 
broken up into small pieces, and the surface water removed before the 
process of drying was commenced. A small portion of each fish, 
weighed in an evaporating dish, was heated from 12—24 hours, first 
in a steam bath, and then in an air bath at a temperature which did not 
exceed 110°. When the sample was fairly firm, it was allowed to cool 
in a desiccator, weighed again, reduced to powder in a coffee mill, or 
in samples containing a high percentage of fat crushed in a mortar. 
The residue was again weighed, placed in the air bath, and kept ata 
temperature not exceeding 110° until the weight remained constant ; 
from these results, the percentage of water was calculated. 

Carbon and hydrogen were estimated by the usual method. 


Ore lr Oe 
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Nitrogen.—The nitrogen was determined by Ruffle’s, the soda-lime, 
and Schlesing’s methods. 

Ash.—The ash by combustion in a current of oxygen. 

Sulphur and phosphorus by fusion with mixtures of sodium carbonate 
and potassium nitrate, and final estimation of the sulphur as barium 
sulphate, and of the phosphorus as magnesium ammonium phosphate, 
the percentage in the latter case being calculated from the pyrophos- 
phate after ignition. 

Fat.—The fat was extracted by means of ether vapour. 

Reducing Substances reckoned as Glucose.—The fat was first removed 
by benzene, then solutions were prepared from the residues by digesting 
the fish-powder with 10 c.c. of hydrochloric acid (sp. gr. 1:125) and 100 
c.c. of water, in a flask connected with a reflux condenser the whole was 
heated as strongly as possible over a water bath for 3 hours, the solu- 
tion was then filtered, treated with basic lead acetate, and, after filtra- 
tion, a current of sulphur dioxide was passed through the liquid to 
precipitate any lead present. The solution was filtered, concentrated 
at 100°, and a little washed alumina added until it was no longer 
dissolved ; the solution was again filtered, evaporated to dryness over 
a water bath, the residue treated with boiling alcohol, filtered, and the 
alcohol distilled off. The residue was dissolved in water, and as all 
the solutions obtained in this way were coloured, they were boiled 
with animal charcoal and a few drops of milk of lime, and filtered 
before being titrated with Fehling’s solution. 

The proteids were determined by multiplying by 6°25 the nitrogen 
estimated by the soda-lime method. 

Heats of Combustion.—In this section, the method used is the same as 
that adopted by the author in the case of “ cooked vegetables,” namely, 
that described by W. Thomson in a paper “On a New Apparatus for 
readily determining the Calorific Value of Fuel or other Organic Sub- 
stances by Direct Combustion,” published in the “Journal of the 
Society of Chemical Industry,” vol. v, No. 11. The water value of the 
apparatus used was carefully calculated according to the directions 
given in the article. To secure accurate results, a series of experi- 
ments was first made with cane-sugar, giving a mean of 4021-35 
calories, as compared with 3961°7 Berthelot and Vielle, and 4145-0 
Rechenberg calculated from numbers given in the Comptes rendus 
(1886, 102, 1284). 

As soon as the preliminary experiments were finished and the 
apparatus was proved to be in good working order, investigations were 
begun with the powdered fish ; at least three determinations were made 
in every case. 

Inthe tableappendedare the results of the various determinations, both 
those obtained by proximate and ultimate analyses, as also the heats 


| 
Ke 
Fe 
ms 
2 
=} 
s) 
fe 
) 
Z 
S 
a 
et 
Lal 
mM 
E 
9 
oO 
va 
= 
B 


WILLIAMS 


652 


2, (2 
SIIIMlatiel 


OO re OD 
ony 
ooo 


3, ,8 
= 1 CaS 8 


ane 
o 


od 
oo 
on 


L¥-38F 
0S-S3hT 
46-9TLT 
00-2 
56-819 
L0-FF31 
59-666 
06-988 
40-8811 
96-6681 


OL-9619 
01-2209 
0F-6899 
02-8989 
09-bFF9 
01-099 
01-4039 
06-0909 
OL-839 
06-0909 
08-1929 
96-1629 
OT-2019 
OT-0864 
OL-8899 
0S- 108 
08-1849 
09-9T¢2 
OL-31PL 
OT-0¢82 
06-9949 
01-9089 
06-8389 
OL-F619 
0S-L189 
09-6969 
09-3L#9 
OL-S0F9 


89-8989 
03-3998 
&F-BL99 
01-9689 
91-9919 
80-9189 
91-2029 
00-4239 
$2-0619 
GL-838F 
08-3169 
99-9b9P 
$8-3199 
08-0809 


§9-999P 


‘oprxoyued usZ0r}IN | 
‘9s00n |S SB poMOyoeL 
“splopold 
*40814XO 
19449 10 ‘szBq 


so0uBysqns Zujonpey 


*90UBISGNS PelIp oy} 
JO sishjeue opeWIxoIg 


uorydiosq y = souslayId 


*stsA[vue 
1}[N WO, pozyeTNoTeo 
UWLIJSNQ UID JO 8yvo HL 


97BUur 


*sa110[ 8 
4Snquiod JO s}veH 


uor 


aa 


© 
ocoooooceocrn 


aor 
SSS 


a 
o> 


orecorrt 


Oss Om 


MOYPNOAAWDNMS 
° 
CODODDOPIi-b 


5 


ez 
oococoo 


Sesoosoneosoon 
VOC VAS 


SASS 


MOMAPODOIH-DONSOH 


SAH x 
kk OF OCOOr-DDAM™ 


aAoonor 


OMOOnAASHOr HOO 
HSOHOACH 


of 
roo 


TL-LL 
68-1 


¥9-09 


HO Oe nee eee eeenen tes een een tes eee 1938fQ ‘snynpa 92.4380 

*k10q uyor ‘anqvf snaz 

SOS WOW] ‘sxuv98D) Va}0g 

““S9[0g ‘st4v8)na vaj0g 

Go1B[q “vssazn)d 8az90U0UNaIg 

“* qnqTjoH 10 ynqiey ‘s34067na snssozpboddiyy 

so sneeee coonnezer *310H) snquoyy 

*"4OqINY, ‘snwixnwm snquoyy 

* SUIFIUA ‘snbunjsew snpvy 

 9yBy ‘s1un6pna snionj.a yy 

yooppey ‘snuropba snpvy 

* poo z[8g ‘vnysom snpyp 

seerere DOD ‘ony.ou snpvp 

+ aun, ‘snufiys snufisu9 

eee eeeeeecereee TQ IOMOBIT *49quoos 4aquoog 

preumny 10 you ‘snpspusn6 016317, 

soe cee enn cne ces cee cooto nay ‘enpyns snosionarT 

“'"qoTTNU poy ‘snzapnumine snyynyy 

setseseveseessesrerereeeeersronr See unBna DIINbUP 
WOU]RS BIUIOJTTBO ‘vYyIIU0Yo jusde marueg| 


seater terees 


Seer ee eee eeeeeeeee “AT 9Ug ‘snup,sada 8N.LIUL8Q 
eee eeeeee "anol, ‘onsen f ompog 

vod uowyeg ‘7727n17 OWw)Dg 

46a "MOWRY ‘4070s OW)DEg 

* sourpieg ‘snpunyopd vadnp 

seorerere sovidg ‘engznids vadn)p 

Busey 4[Vg ‘snbuasvy vadnip 

Suey ‘snbuawwy vadnip 


coc ceeeove epiyio 


epryoouomed 


seveveeees BD IDEH) 


“* eppequioag 


o-o+* capTuaain fl 


++ agprmoUlpeg 


eeeceee eprodnio 


*snioydsoyg 
“mydjnug 
*UoZ0I}IN 

*ueZ0ipA 


*90UL}SQNS PeLIp oy} JO stsAyeuL oFeUTIITO 


“qsop Ul 10784 


OXIDATION PRODUCTS OF ay-DIMETHYL-a’-CHLOROPYRIDINE. 653 


of combustion; two other columns of numbers have also been added, 
giving the heats of combustion calculated from the results of the ulti- 
mate analysis, and the differences between these and the heats of 
combustion actually found by experiment are considered as absorption 
of heat in building up the flesh constituents. 


LXVII.—Oxidation Products of ay-Dimethyl-a'-chloro- 
pyridine. 


By Eminy Aston, B.Sc., and J. Norman Coiuig, Ph.D., F.R.S. 


In a former paper by one of the authors and Miss A. P. Sedgwick 
(Trans., 1895, 67, 399), the oxidation products of y-chlor-aa’-dimethy]- 
pyridine were described. The present communication deals with some 
isomeric acids obtained by the same methods from pseudolutidostyril. 

Pseudolutidostyril or ay-dimethyl-a’-hydroxypyridine can be obtained, 
as has already been shown (this vol., p. 299), from £-amido-ethylic cro- 
tonate. When pseudolutidostyril is treated with phosphorus penta- 
chloride, a-chlorolutidine is formed. 


aH ; DY 
CH,°C CH,°C gc! 
HC gives HC CH 
\¢ \ oF 
CH, CH, 
Pseudolutidostyril. Chlorolutidine. 


This chlorolutidine was used as the starting point of the investigation, 
and was oxidised with a boiling aqueous solution of potassium perman- 
ganate, using about 10 grams of the chlorolutidine at a time and just 
enough permanganate added in small amounts to oxidise one of the 
methyl groups. After 50 grams of the chloro-compound had thus been 
treated, the potassium salts of the acids formed were decomposed by evapo- 
rating their aqueous solution to dryness with hydrochloric acid, and 
the free acids were extracted by means of alcohol from the potassium 
chloride that had also been formed. This alcoholic extract contained 
more than one acid, but by making use of the difference in their 
solubility in water, a separation was effected, and it was ultimately 
found that the more soluble acid, when pure, melted at 98°, whilst the 
less soluble one did not melt until 214°. From their method of pre- 
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paration and properties, these two acids probably have the following 
structure : 


Ny frr% 
COOH:G — OCI CH,G CCl 
HC CH HC CH. 


\ 7 \ 7 


CH, COOH 

Acid m.p. 98°. Acid m.p. 214°. 
The chief reason for preparing these compounds was to obtain the 
a- and y-chloropicolines ; for out of the ten possible isomerides, only 
one is known in which the position of the methyl group and the 
chlorine atom can be fixed with certainty, namely, the a-methyl-y- 
chloropicoline (Trans., 1895, 67, 405). Another chloropicoline has 
been prepared by the interaction of potassium homopyrroline and 
chloroform (Ciamician and Dennstedt, Ber., 1881, 14, 1162). 

As hydroxypyridine compounds can easily be prepared from a variety 
of naturally occurring compounds, and most of these hydroxypyridines 
easily give chloropyridine derivatives with pentachloride of phos- 
phorus, it is of considerable interest to have the properties of these 
chloropyridine derivatives determined for the purpose of reference, in 
just the same way that the dicarboxylic acids of benzene were of use 
in determining the relative positions of the groups in substituted 
benzene compounds. The only series amongst pyridine compounds 
that has thus been properly investigated up to the present is the 
carboxylic series. The three monosubstituted and the six disubstituted 
carboxylic acids have all been prepared. 

It was hoped that these two acids, obtained by the oxidation of 
ay-dimethyl-a’-chloropyridine,| would, on merely heating, lose carbon 
dioxide and give the chloropicolines. 


0,NH,Cl(CH,)-COOH = C,NH,CI-CH, + CO,. 


But, unfortunately, the reaction did not occur in such a simple 
manner. Both, when heated above their melting points, decomposed 
into carbon, hydrogen chloride, and other products. However, from 
the acid of lower melting point a small quantity of a-chloro-y-methy]- 
pyridine was obtained, but the acid of higher melting point yielded 
not a trace of chloropicoline when thus treated. 

In the preparation of these two acids from chlorolutidine, both 
seemed to be produced in about the same amount ; and from 54 grams 
of the chlorolutidine 30 grams of the mixed acids were obtained. 
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a-Chlovo-y-methylpicolinic acid, C, NH,Cl(CH,)*COOH, m. p. 98° (corr.). 


This acid was separated, as has already been stated, from the isomeric 
acid of higher melting point by its being much more soluble in water. 
When pure, it crystallises with 1H,O in colourless crystals. On 
testing the acid, it was found to contain chlorine. 

Several analyses were made : 


(1) C=44:1, H=4°3, (2) C=44'4, H=4'3. (3) N=7'5. (4) N=7°3 per 
cent. Calculated forC,H,O,NCI, H,O: C = 44°3, H = 4:2, N=7-4percent. 


Attempts were made to determine the water of crystallisation which 
was undoubtedly present (for, on heating some in a tube, moisture 
condensed on the cooler parts), but the acid at 100° not only lost water, 
but decomposed as well, yielding various volatile decomposition pro- 
ducts, so that no satisfactory numbers could be obtained. The basicity 
was also determined by titrating it with decinormal soda solution, If 
the formula is C,H,O,NCI],H,O, the acid is monobasic. 

Several salts of this acid were prepared. The silver salt is a white, 
gelatinous precipitate not changed by boiling. Mercuric chloride added 
to a neutral solution of the sodium salt gives at first a white precipitate, 
which dissolves in excess of the reagent and separates out afterwards as a 
crystalline deposit which can be recrystallised from hot water. The 
lead salt is white and insoluble in water; when boiled with water, it 
fuses. With ferrous sulphate, an orange-brown ferrous salt is pro- 
duced which dissolves in hot water with a dark orange coloration, and 
this reaction was taken as a proof of the carboxyl group being in the 
a-position. Ferric chloride gave a buff coloured precipitate. The 
barium salt is soluble in water. 

When the free acid is heated above its melting point, it rapidly gives 
off hydrogen chloride and carbon dioxide, and becomes black, traces 
only of chloropicoline being produced. In order, however, to obtain 
this chloropicoline in quantities large enough to determine its properties, 
10 grams of the acid were carefully heated in a current of hydrogen in 
a glass tube. The chloropicoline was expected to be formed according 
to the equation : 


C,NH,Cl(CH,):COOH = C,NH,CI-CH, + CO,. 


After the acid had been thus decomposed, the black, charred residue 

was mixed with dilute soda solution and distilled, the distillate extracted 

with ether, and the ethereal solution dried and distilled. By this pro- 

cess, a small quantity of an oil having all the properties of a chloro- 

picoline was obtained. It had the rather high boiling point 190—195°, 

but on analysis gave the following numbers. C=568; H=4°7, 
yYYy2 
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Calculated for C,H,NC1: C=56°4; H=4°7. The remainder was made 
into the platinum salt, which was also analysed. Found: Pt= 29-2. 
Calculated for (C;,NH,Cl-CH,),PtCl,: Pt = 29:3. 


a-Chloro-a'-methyl-isonicotinie acid, C;NH,Cl(CH,)-COOH, 
m. p. 214° (corr.). 


This acid is very insoluble even in boiling water, and was therefore 
easy to separate from the isomeric acid melting at 98°. When crystallised 
from hot alcohol, it was finally obtained as a white, crystalline powder ; 
examined under the microscope, the powder was seen to consist of 
minute prisms or plates. The acid contained chlorine, but no water of 
crystallisation. On analysis, the following results were obtained : 


(1)C=484,H=3°7. (2)C=486,H=3°6. (3)N=78. (4) N=84. 
C,H,O,NCI requires C= 489, H=3°4, N=8'1. 


From titration with decinormal soda solution, it was found to be 
monobasic. The following salts were prepared from a neutral solution 
of the sodium salt. The silver salt, a white, curdy precipitate insoluble 
in water and unchanged by boiling; the mercuric salt, a white, 
crystalline precipitate sparingly soluble in hot water; the’ Jead salt 


consists of white, crystalline plates; the,fervous salt forms as a dark 
buff-coloured precipitate ; the ferric salt has a light buff colour ; the 
zine salt is crystalline and soluble in water’; the barium salt is very 
soluble in water. Numerous attempts were made to remove the car- 
boxyl group, leaving hydrogen in its place; owing, however, to the 
great ease with which this acid, when heated above its melting point, 
chars and completely decomposes, no chloropicoline could be obtained 
from it. 

The action of nascent hydrogen from tin and hydrochloric acid 
was also tried on both the acid melting at 98° and that melting at 
214°. With the acid of lower melting point, nothing except the un- 
changed acid could be recovered after the tin had been removed from 
the solution, but with the acid melting at 214° prolonged treatment 
with nascent hydrogen undoubtedly produced a certain quantity of 
an acid free from chlorine. Owing to the small quantity of substance 
at our disposal, it was impossible to obtain the picolinecarboxylic acid 
in a pure state ; the whole of the acid was therefore heated with a 
little lime and the free picoline obtained. The free base was then 
converted into the platinum salt, which crystallised in large, yellow 
plates; the salt did not contain any water of crystallisation, and 
melted at 218—220° (corr.). On analysis, it was found to contain 
32°4 per cent. of Pt. (C,H,N),H,PtCl, requires 32°7 per cent. of Pt. 
The picoline thus obtained was identical, therefore, with the a-methy!- 
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pyridine that one of the authors (in conjunction with Mr. W. S. 
Myers) had produced from dichlor-a-picoline (Trans., 1892, 61, 727). 

Attempts were also made to obtain the dicarboxylic acid from both 
the monocarboxylic acids by the further action of potassium perman- 
ganate, but without any great success. It is curious that no dicarboxylic 
acid should be formed by the simple process of oxidation of the chloro- 
lutidostyril itself, for when the isomeric chlorolutidine is oxidised 
under the same conditions, the dicarboxylic acid is the chief product 
(Trans., 1895, 67, 402). 

When the potassium salt of the acid melting at 98° is boiled for 
several hours with a 2 per cent. solution of potassium permanganate, 
oxidation occurs, but from the residue nothing but the unchanged 
acid melting at 98° could be recovered. The potassium salt of the 
acid of higher melting point (214°) gave better results on oxidation. 
Some dicarboxylic acid was certainly produced, for the crude acid 
obtained from the potassium salts after oxidation with potassium 
permanganate was different from the original acid. Its basicity was 
determined with decinormal soda solution, and found to be probably a 
mixture of the monocarboxylic and dicarboxylic acids, but the amount 
was too small to allow of separation. With ferrous sulphate, a deep 
red coloration was produced, which also points to the presence of an 
a-carboxyl group, and an analysis of the silver salt also contained more 
silver than would be present in the salt of_a monobasic acid. 


LXVIII.—Corydaline. Part V. 


By James Jonnston Doppie, M.A., D.Sc., and Frep Marspen, 
: Ph.D., M.Sc. 


Oxidation with Nitrie Acid. 


Wuen corydaline is heated with dilute nitric acid, a series of interest- 
ing derivatives is obtained. 

‘A sparingly soluble nitrate is first formed, but on continuing the 
heating, the solution becomes dark red, and soon ceases to give any 
precipitate with ammonia ; if at this stage it is allowed to cool, groups 
of bright yellow, prismatic crystals separate out on the sides of the 
vessel ; these crystals are the nitrate of a base, dehydrocorydaline, 
differing but slightly in composition from corydaline. If this sub- 
stance is allowed to remain in the liquid, and the concentration be con- 
tinued until platinic chloride no longer gives a precipitate, yellow 
crystals of an acid melting at 218° will separate on cooling. This acid 
we propose, for purposes of reference, to designate for the present 
corydic acid. 
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The mother liquors contain oxalic acid and a small quantity of a 
nitrogenous acid melting at 208°. 

We shall now describe in detail the method of operating and the 
various products obtained. 


Corydaline Nitrate. 


Two litres of dilute nitric acid (1 of acid, sp. gr. 1:42, to 20 of water) 
are heated on the water bath and 10 grams of the powdered alkaloid 
gradually added. The sparingly soluble nitrate which is immediately 
formed is very insoluble in cold, and soluble with difficulty in hot 
water, but more readily in the presence of free nitric acid. It forms 
thick, tabular crystals without water of crystallisation. Dried at 100°, 
it yielded the following results on analysis: 


I. 02015 gave 0:4472 CO, and 0:1287 H,O. C=6053 ; H=7:09. 
II. 0°1659 ,, 9:5c,c. nitrogen at 10° and 758mm. N=6:92. 
C,,H,.NO,;HNO, requires C= 60°83 ; H=6°9 ; N =6°45. 


Dehydrocorydaline and its Derivatives. 


On continued heating of the mixture of nitric acid and corydaline 
nitrate, the latter dissolves and the solution soon becomes deep red ; 


when a precipitate is no longer formed on testing with ammonia, and 
the solution on cooling deposits clusters of yellow, prismatic crystals 
which are easily soluble in coid water, less so in dilute nitric acid. 
They melt at 237°. Dried at 100° and analysed, they gave the 
following results : 


T, 0°2007 gave 0°4518 CO, and 0:1065 H,O. C=61'39 ; H=5:89. 
IT, 0°2270 ,, 05115 CO, ,, 01198 H,O. C=61:45; H=5°86. 
III. 0:2427 ,, 05461 CO, ,, 01321 H,O. C=61°37; H=6-04. 
IV. 0:2416 ,, 12°8 c.c. nitrogen at 11° and 771'5mm. N=6°49. 


These numbers differ little from those given by corydaline nitrate, 
but the percentage of hydrogen is throughout lower. The num- 
bers agree best with the formula C,,H,,NO,,HNO,, which requires 
C=61'39, H=6:04, N=6°51. 

The substance is probably, therefore, the nitrate of a base containing 
4 atoms of hydrogen less than corydaline. The presence of nitric 
acid in the crystals was proved by the usual tests. 

The hydriodide and other derivatives of a base probably identical 
with that contained in this salt have already been described by H. 
Ziegenbein and E. Schmidt (Abstracts, 1897, i, 175) under the name 
of dehydrocorydaline derivatives. 

We obtained the free base by the following method, although not 
without difficulty, owing to the ready formation of tarry matter during 
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evaporation. The cold aqueous solution of the nitrate is agitated with 
cold sodium hydroxide, then extracted with chloroform until the chloro- 
form is no longer coloured, and the chloroform extract evaporated to 
dryness. The residue, which consists of a chloroform compound, is dis- 
solved in a large quantity of hot alcohol, and the solution concentrated 
by spontaneous evaporation, when it deposits dark yellow crystals, 
which are very soluble both in alcohol and water, and appear to have no 
constant melting point. On evaporating the alcoholic solution to dry- 
ness and taking up with water, bright yellow, prismatic crystals 
melting at 118—120° are obtained from the aqueous solution ; dried 
over sulphuric acid, they gave the following results on analysis : 
I. 071515 gave 0°0982 H,O. H,O=7°2. 

II. 07101 =,, +0°2215 CO, and 0:063 H,O. C=59°81; H=6°93. 

On the assumption that the substance contains 4H,O, these num- 
bers agree with the formula C,,H,,.NO,+ 4H,O, which requires 
C= 60°13, H=7°51 per cent. 

Water of crystallisation was proved to be present in samples of the 
free base obtained by other methods, but unfortunately, through an 
oversight, no determination was made in the specimen analysed. 

We have recently obtained the free base more easily by treating the 
hydrochloride with moist silver oxide. 

With hydrogen iodide, the concentrated aqueous solution of the base 
gives a heavy, yellow precipitate, which is insoluble or soluble with 
difficulty in water, and with hydrogen chloride a brilliant yellow, 
crystalline precipitate which dissolves on heating ; it melts at 192°. 
Platinic chloride throws down a yellow, crystalline precipitate identical 
with that obtained by direct precipitation from the nitrate. This salt 
softens at 178° and melts, when carefully purified, at 220°. 

I was prepared from the free base, II and III from the nitrate, 

TI. 0°1253, on ignition, gave 0°0217 Pt. Pt=17-32. 
II. 0°1706 __,, 0 » 00292 Pt. Pt=17:11. 

III. 01706 _,, ” » 0°0296 Pt. Pt=17°35. 

(C,,H,,NO,).,H,PtCl, requires Pt = 17-06 per cent, 

The chloroform compound obtained in the course of the separation 
of the free base is an almost colourless substance, very insoluble in 
water, cold alcohol, and other solvents, with the exception of benzene, 
from which it crystallises in tabular crystals melting at 154°, 

I. 0°1688 gave 0°1533 AgCl, Cl=22°46, 
II. 0:1406 ,, 4c... nitrogen at 16°and 7635 mm. N=3°39. 
C,.H,,NO,+ CHCl, requires Cl= 21°89 ; N = 2-88 per cent. 


Although dehydrocorydaline nitrate gives no precipitate with cold 
sodium hydroxide, a pale yellow precipitate comes down on heating 
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We have not yet determined the relation of this substance to dehydro- 
corydaline, but it must be close, because when dissolved in hydrogen 
chloride and precipitated with platinic chloride; the precipitate ob- 
tained contains the same percentage of platinum as dehydrocorydaline 
platinochloride. 


I. 0°1001 gave 0°0172 Pt. Pt=17:18. 
II. 0:0909 ,, 0°0160 Pt. Pt=17°6. 
(C,.H.,NO,).,H,PtCl, requires Pt = 17°06 per cent. 


On the other hand, when the precipitate obtained by heating dehydro- 
corydaline nitrate with sodium hydroxide is dissolved in hydrochloric 
acid, it is thrown down again by sodium hydroxide, in the cold, unlike 
the original base. 

The solutions of dehydrocorydaline and its soluble compounds are 
yellow, and colour blue litmus paper a deep green, a reaction which 
serves as an excellent test for this base. 

Dehydrocorydaline is easily reduced to corydaline by the action of 
zine and hydrochloric acid. As the reduction proceeds, the solution 
is rapidly decolorised, and a mass of fine, needle-shaped crystals, con- 
sisting of a double salt of corydaline and zinc chloride, is formed. 

When this double salt is dissolved in a large quantity of boiling 
dilute hydrochloric acid and the solution treated with excess of sodium 
hydroxide, a white, flocculent precipitate is obtained which dissolves 
readily in alcohol, and by repeated crystallisation can be completely 
freed from all trace of inorganic matter. The crystals obtained from 
the alcoholic solution resemble those of corydaline, exhibit the same solu- 
bility in various reagents, and have the same melting point when tested 
side by side with the alkaloid. The hydrochloride of the reduced base 
corresponds exactly as regards crystalline form and melting point with 
corydaline hydrochloride described by Freund and Josephi (Annalen, 
277, 7). 

The platinochloride melts and decomposes at the same temperature 
as corydaline platinochloride. 

In short, except in its optical inactivity, we failed to detect any 
difference between the base obtained by the reduction of dehydro- 
corydaline and natural corydaline. 

Corydaline undergoes partial oxidation with great ease. In previous 
papers, attention has been directed to the readiness with which it 
changes colour when exposed to light, or when heated either in the 
solid state or in alcoholic solution. We found that the finely powdered 
alkaloid, after being heated for many days in the steam oven, became 
entirely soluble in water, and that the yellow solution gave to blue 
litmus the intense green colour characteristic of dehydrocorydaline. 
The conversion of corydaline into dehydrocorydaline can be readily 
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brought about by suspending the alkaloid in water and boiling it with 
moist silver oxide. 

The ease with which corydaline undergoes partial oxidation sug- 
gested to us that the compound formerly described as a monochloro- 
derivative of this alkaloid (Trans., 1894, 65, 17) might in reality be 
the chloride of dehydrocorydaline. The percentage of chlorine would 
be practically the same in both cases, but the percentage of platinum 
in the platinochlorides would differ to a sufficient extent to admit of 
the substances being distinguished one from the other. 


(C,,H,,NO,Cl),,H,PtCl, requires 15°97 per cent. Pt. 
(C..H,;NO,).,H,PtCl, » 16°98 » & 


The numbers actually found were : 


I, 0°1971 gave 0°0342 Pt. Pt=17°35 per cent. 
II. 01759 , 003 Pt. Pt=1705  ,, 


The solution of the chloride gives the green colour with blue litmus, 
and corresponds in all other respects with the chloride of dehydro- 
corydaline. 


Corydic Acid and its Derivatives. 


When the action of dilute nitric acid on corydaline is continued until 
thesolution noslonger yields a precipitate with platinic chloride, a highly 
crystalline, heavy yellow powder separates on cooling ; the yield is 
about 30 per cent. of the corydaline. It can be purified by collecting 
it, washing until free from nitric acid, dissolving in hot water, and 
recrystallising. 

The acid thus obtained is easily soluble in hot water and alcohol, 
sparingly so in chloroform, and almost insoluble in ether ; the solutions 
are yellow. It crystallises from water in well defined crystals of 
rhombohedral habit, and on adding a mineral acid to its solution in 
alkalis it is precipitated in thin, yellow spangles. Its aqueous solution 
has a distinctly acid reaction, but does not precipitate any of the common 
metals. The pure crystals melt and decompose at 218°. It was dried 
at 100° and analysed : 


I. 0°2332 gave 0°5244 CO, and 0:1027 H,O. C=61°33; H=4:89. 
II. 0:2377 ,, 0:5337 CO, , O111 H,O. C=61:24; H=5:18. 
01318 ,, 4:4¢.c. nitrogen at 15° and 771‘6mm. N~4:15. 

. 01459 ,, 48c.c. - 17° ,, 761mm. N=3°89. 
. 09438 lost 0°0208 at 140°. H,O= 2:2. 
. 04844 ,, OO116,, ,, H,O= 2°39. 
U,,H,;NO, + 4H,Orequires C = 61°36; H=5:11; N=3-97; H,O=2°55°/, 
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This acid contains two methoxy-groups; heated with hydrogen 
iodide: 


T. 0:2055 gave 0-2720 Agl. OCH,=17°46. 
IT. 0-230 ,, 02986 AgIl. OCH,=17°13. ; 
C,,H,N(OCH,),(COOH), + }H,O requires OCH, = 17:61 per cent. 


All the salts of corydic acid appear to be readily soluble in water. 

When titrated with potassium hydroxide, the acid gives a sharp 
end reaction, using either litmus or phenolphthalein as indicator. The 
amount of potassium hydroxide employed for neutralisation corresponds 
exactly with that required for the formation of an acid salt : 


I. 0°666 gram requires for neutralisation 23 c.c. of a solution con- 
taining 0°004623 KOH pere.c. K=10°03. 
IT. 0°1666 gram requires for neutralisation 5:3 c.c. of a solution con- 
taining 0:004623 KOH perce. K=9°31. 
IIT, 0°33 gave, on neutralising with potassium hydroxide, evaporating 
with sulphuric acid, and ignition 0°073 K,SO,. K=9°9. 
C,,H,,NO,K requires K = 10°23 per cent. 


The acid potassium salt dissolves in aleohol, from which it is deposited 
on slow evaporation in small, colourless, stellate groups of crystals, 
which are, however, too soluble to admit of manipulation. 

The normal silver salt was prepared by adding twice the quantity 
of potassium hydroxide required for neutralisation, evaporating the 
solution to dryness, taking up with alcohol, and precipitating with 
an alcoholic solution of silver nitrate. A highly gelatinous, yellow 
precipitate was thus obtained, which was dried over sulphuric acid and 
analysed : 


0°1491 gave 00584 Ag. Ag=39°16. 
C,,H,,NO,Ag, requires Ag = 38°77 per cent. 


The attempts to prepare the acid silver salt from the solution of the 
acid after exact neutralisation with potassium hydroxide were unsuc- 
cessful, the amount of silver found being always intermediate between 
that required for the acid and that required for the normal salt. 

When corydic acid is treated with a concentrated solution of hydrogen 
iodide, it yields a phenolic derivative ; this is almost insoluble in cold 
water, but dissolves in a large quantity of boiling water, from which 
it separates on cooling in yellow spangles melting at 281°. It is 
practically insoluble in alcohol, ether, benzene, chloroform, and carbon 
bisulphide, but dissolves readily in alkalis, forming a deep red solution, 
from which it is reprecipitated by the addition of mineral acids, 

Dried at 100° and analysed ; 
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I. 0°178 gave 0°3587 CO, and 0°084 H,O. C=54:96; H=5-24, 
IT. 0°1514 ,, 5:4 c.c. nitrogen at 17°and 758mm. N= 4:23. 
Ill. 0-151 ,, 52 ee. a 10°5° ,, 7615 mm. N=4°'17. 
IV. 0°1897, heated at 130°, lost 0°0214. H,O=11°28. 
V. 0°7573 __s,, ms » 9086. H,O=11°35. 
C,,H,N(OH),(COOH), + 2H,0 requires C=54:'7; H=4:'84; N=3°99 ; 
2H,O = 10°25 per cent. 


The substance dried at 130° was also analysed : 

I. 01663 gave 0°3688 CO, and 0°0654 H,O. C=60-48; H=4:37. 
II. 0'1636 ,, 63 ¢.c. nitrogen at 20° and 760°8 mm. N= 4°52. 
C,,H,N(OH),(COOH), requires C = 60°95 ; H= 4°12 ; N= 4:44 per cent. 

With lead acetate, the aqueous solution of this substance gives a 
bright scarlet precipitate, which is sparingly soluble in water. It 
was dried at 130° and analysed : 

0°1595 gave 0:095 PbSO, Pb=40°69. 

C,,H,,NO,Pb requires Pb = 39:8 per cent. 


Oxidation of Corydic Acid with Potassium Permanganate.—Corydic 
acid, on oxidation with a boiling solution of potassium permanganate, 
yields a mixture of acids; about 13 grams of permanganate being re- 
quired for the oxidation of 3 grams of theacid. The mixture is boiled 
until, on destroying the excess of permanganate and acidifying, the 
yellow colour due to the presence of corydic acid has entirely disap- 
peared ; up to a certain point, the oxidation proceeds rapidly, after- 
wards very slowly. When the oxidation is complete, the excess of 
permanganate is destroyed by the addition of a little alcohol, the solu- 
tion is filtered from the manganese dioxide, concentrated, and preci- 
pitated with lead acetate ; the lead precipitate is then decomposed 
with hydrogen sulphide, filtered from the lead sulphide, and concen- 
trated. While the solution is still very dilute, small, white, acicular 
crystals of an ‘acid begin to separate; this is the principal product 
of the oxidation, and amounts to about 25 per cent. of the corydic acid 
oxidised. It is easily separated from the other products, all of which 
are much more soluble in water. It is sparingly soluble even in boiling 
water, only moderately so in alcohol, and insoluble in ether, benzene, 
and chloroform. It melts at 228°. It was dried at 100° and analysed : 


T. 0°2185 gave 0°4460 CO, and 0°0845 H,O. C=55°67; H=4:3. 
IT. 0°23375 ,, 0°47725 CO, ,, 0°0940 H,O. C=55°68; H=4°46. 
III. 01460 ,, 49 cc. nitrogen at 21° and 763 mm. N=3°93. 
C,,H, NO, requires C = 56°51; H=4:15 ; N=3-88 per cent. 
This acid contains two methoxy-groups : 
01705 gave 0'2062 AgI. OCH,=15-95. 
C,,H,N(OCH,),(COOH), requires OCH, = 17:17 per cent, 
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Its silver salt is obtained as a white precipitate, on adding silver 
nitrate to a solution of the acid made neutral with ammonia. 


I, 0°1816 gave 0:086 Ag. Ag=47°35 
II. 01863 ,, 0088 Ag. Ag=47°23 
C,,H,.NO,Ag, requires Ag = 47°5 per cent. 


The mother liquors from which the insoluble acid just described was 
obtained were concentrated, and the other products separated by frac- 
tional crystallisation ; in this way, we obtained two substances, namely, 
a colourless, non-nitrogenous acid melting at 172°, and a nitrogenous 
acid melting at 208°. 

The non-nitrogenous acid proved to be a hemipinic acid ; a portion 
of it was converted into the ethylimide (Liebermann, Ber., 1886, 19, 
2275) which melted sharply at 228°. The hemipinic acid, therefore, 
obtained by the oxidation of corydic acid is identical with metahemi- 
pinic acid, 1 :2:4:5, from papaverine, and differs from the hemipinic 
acid already described as occurring amongst the products of oxidation 
of corydaline with potassium permanganate (Trans., 1894, 65, 19). 

It is thus highly probable that corydaline contains two benzene 
nuclei,* and that the formation of corydic acid from the alkaloid is 
brought about by the oxidation of one of these. 

The nitrogenous acid melting at 208° is much less soluble in water 
than hemipinic acid, and is therefore easily separated from it; this 
acid is one of the most constant products of the oxidation of corydic 
acid and its derivatives. "We obtained it from the mother liquors of 
corydic acid ; from corydic acid by oxidation with nitric acid, as well 
as with potassium permanganate; from the acid melting at 228° by 
oxidation with permanganate’; and from the phenolic derivative of 
corydic acid by oxidation with dilute nitric acid. The last method 
gives the best yield, the nitrogenous acid being obtained mixed only 
with a small quantity of other products, from which it is easily 
separated by precipitation with lead acetate, after exact neutralisation 
of the solution with ammonia. The purification of the acid is a matter 
of considerable difficulty, on account of the tenacity with which it 
retains small quantities of mineral matter. After repeatedly evapo- 
rating to dryness with ammonia and taking up with water, reprecipi- 
tating with lead acetate, and boiling with charcoal, it is finally 
obtained free from impurity. 

The pure acid separates from its solution in stellate groups of thick, 
prismatic, nearly colourless crystals, which are heavy and lustrous. 
It is readily soluble in hot water and alcohol, sparingly in cold water, 


* We have recently succeeded in separating metahemipinic acid, as well as hemi- 
pinic acid, from the products of the oxidation of corydaline with potassium per- 
manganate. We shall deal with this point more particularly in a future paper. 
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and insoluble in ether, chloroform, and benzene. Its aqueous solution 
gives a faint, reddish-brown coloration with ferrous sulphate solution. 
It contains no methoxy-groups. It suffers no loss of weight at 100°, 
but when dried at 125° loses from 7 to 8 per cent. of water; when 
heated above this temperature, it undergoes slight decomposition, 
When heated with lime, vapours smelling strongly of pyridine are 
evolved. I and II were dried at 100°; III, IV, and V over sulphuric 
acid : 
I. 0°1542 gave 0°253 CO, and 0°059 H,O. C=44'74; H=4:25. 
II. 0°1463 ,, 7 c.c. moist nitrogen at 14° and 760mm. N=5°7. 
ILf. 0°2118 ,, 0°3436 CO, and 0:0754 H,O. C=44:24; H=3°96. 
IV. 0°1234 lost 0:0096 at 125°. H,O=7°7. 
V. 0°2273 ,, 0°0189 at 125—128°. H,O=8°31. 
C,H,NO,+H,O requires C = 44°44; H=3'7; N=5-76 ; H,O=7°4 p. ct. 

This acid forms a large number of insoluble salts; the barium salt 
is obtained as a white, crystalline powder on adding barium chloride to 
a neutral solution and heating. The copper salt obtained under similar 
conditions is yellow and gelatinous. The lead salt, which is thrown 
down at once on adding lead acetate to a neutral solution of the acid, 
is gelatinous and very insoluble. 


0:2674 gave 0°1855 PbS. Pb=60-08. 

(C,H,NO,).Pb, requires Pb = 58°35 per cent. 

The silver salt forms a very fine, heavy, crystalline precipitate. On 
ignition, it decomposes suddenly, swelling up and evolving heavy basic 
vapours. 

0°1254 gave 0:°0740 Ag. Ag=59-01. 

C,H,NO,Ag, requires Ag = 59°34 per cent. 

The acid was titrated with potassium hydroxide with the following 

result : 


0:104 gram dried at 125° required for neutralisation 11 c.c.of potassium 
hydroxide solution containing 0°0070126 gram KOH pere.c. K=34°36. 


C,H,NO,K, requires K = 34:51 per cent. 


This acid appears to be a methylpyridinetricarboxylic acid, but it is 
not identical with any of the known acids of this composition. 

When the filtrate from the lead salts of hemipinic acid and the acids 
melting at 228° and 208° respectively is allowed to stand, a further 
precipitation takes place, and on washing with water and decomposing 
with hydrogen sulphide, this precipitate yields a fourth oxidation pro- 
duct of corydic acid. We have not yet obtained a sufficient quantity 
of this substance for a complete examination of its properties. It is 
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highly crystalline, melts sharply at 243°, dissolves readily in water 
and hot alcohol, and gives in aqueous solution a reddish-yellow colora- 
tion with ferrous sulphate. It contains methoxyl. 

In a future paper, we propose to discuss the results described above 
in their relation to those previously published and in their bearing on 
the constitution of corydaline. 

We have to express our obligation to Mr. Robert D. Abell, of this 
College, for assisting us with the analyses quoted in this paper. 


UNIVERSITY CoLLEGE oF NorTH WALEs, 
BANGOR. 


LXIX.—The Reactions between Lead and the Oxides 
of Sulphur. 
By Henry C. Jenkins and Ernest A. Smitu, Metallurgical Depart- 
ment, Royal College of Science, London. 


Tue paper of Mr. Hannay, published some time ago (Proceedings Chem. 
Soc., 1894, 113 ; 151), directed attention to certain problems connected 
with the metallurgy of lead, and in the discussion on that paper before 
this Society one of us mentioned the fact that metallic lead, when 
decomposing sulphur dioxide at elevated temperatures, forms, not only 
lead oxide, but lead sulphide, the latter remaining dissolved in ap- 
preciable amount in the excess of lead, notwithstanding the presence 
of the oxide. This fact had apparently not before been recorded, 
although we subsequently learned from Dr. Hodgkinson that, at 
Woolwich, Mr. W. Young had, independently, detected the presence of 
sulphur in lead under similar circumstances. Since that time, we 
have, at the suggestion of Prof. Roberts-Austen, who has taken great 
interest in the research throughout its progress, made an extended 
series of quantitative experiments on the subject, as the observation 
seemed to lead to a very probable explanation of certain anomalies 
that are met with whenever an attempt is made to give a full ex- 
planation of the chemistry of lead smelting. It will be remembered 
that Mr. Hannay sought to explain these anomalies by the hypothesis 
that a volatile compound of lead of the formula PbS,O, was formed, 
a substance which was described as being so singularly unstable that 
it could not be isolated. This explanation, although possible, could 
not be accepted as a probable one, and he finally based the evidence 
as to the existence of PbS,O, upon certain experiments in which he 
passed air over heated galena and only obtained one-half of the lead 
originally present as sulphide. From this he assumed that a reaction 
occurred according to the equation 2PbS + O, = Pb + Pb8S,O, (Zrans. 
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Inst. Min. and Met., 1893-4, vol. ii, p. 183), the molecule of lead remain- 
ing in the metallic state, and the PbS,O, escaping, but decomposing to 
PbS and SO, as soon as the temperature was lowered. 

It is admitted on all hands (Proceedings Chem. Soc., 1894, discussion, 
p. 153), that PbS is freely volatile in air or nitrogen as well as in the 
absence of either gas, and we carefully repeated Mr. Hannay’s ex- 
periment with air currents of different velocities as well as with pure 
oxygen, in order to see, whether, as might well be the case, the supposed 
relation between the metallic lead and the volatile part was not the 
result of some quite accidental agreement of the particular conditions 
under which the experiment had been made. 

No attempt was made by us to collect the volatile portion of lead, 
but the residual lead was weighed and analysed, and thus afforded a 
sufliciently rigorous test as to the ratio of the lead reduced to that in 
the original charge, and, by difference, to that of the portion volatilised. 
The galena used in these experiments was a specially pure sample 
and contained 99°48 per cent. of PbS. The apparatus employed was 
in all other respects similar to that employed by Mr. Hannay. There 
was a closed chamber of fireclay, A, Fig. 1, (p. 668) in which a porcelain 
crucible, B, containing the charge of galena could be placed. Air, or 
in some experiments, oxygen, was supplied to the galena by means of 
a clay tube, D, connected with a gas-holder, so that the particular gas in 
use could be delivered at a definite rate which could be varied at will. 
The volatile products of the experiment were allowed to escape at the 
upper end of the chamber. The interior of the chamber was maintained 
under constant inspection by the aid of a mica window, C, so that the 
first appearance of oxide could be noted ; this, under the conditions of 
our experiment, occurs as soon as the sulphide of lead is reduced. The 
apparatus was heated by being placed in a small gas furnace worked 
by natural draught. The several joints were all ground true, so that 
no leakage of furnace gases into the crucible could occur, and the tube, 
D, for the admission of the air or oxygen was held in a suitable clamp 
from the outside so that it could be adjusted as required. In most of 
the experiments, the gas current was directed over the surface of the 
galena and not from beneath it, as the latter course was found to pre- 
maturely produce oxide and to cause loss by projection. The results 
of the experiments are given in the following table, from which it will 
be seen that the ratio between the lead reduced and the lead volatilised 
varies greatly, and departs so much from any constant value that it 
is possible to easily obtain nearly three-quarters of the lead in the 
reduced metallic state by passing the oxygen at a sufficiently slow rate, 
whilst, on the other hand, by merely increasing the velocity of the 
current of gas, it is possible to drive off three-fifths, at least, of the 
original galena as vapour before the last portions of that substance 
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disappear from the surface of the reduced lead, and lead oxide com- 
mences to take its place. Indeed, with air, it was found that it 


Fie 1. 


SAAN 


required considerable care in order to obtain as much as 50 per cent. of 
the original lead under the conditions that have been named, 
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Results obtained with Oxygen. 


| Grams | Grams | _— Per cent. 
7 - | oo of Cubic inches of 
°- | galena lead P total oxygen used. 


used. | obtained.) °°?* | lead lost. 
| 


Sulphur 
per cent. 


| 
| 
Time. | 
| 


50 43°305 Theoretical. (Pb 207.) 
50 31°72 26°75 | Not measured. | 40 min. 
50 30-09 30°52 | ,, 

50 35°92 1705 | ,, % 
| but slower than 
in No. 2. 

50 | 27°32 | 36°91 | 750 Not determined 
50 | 34°00 | 21°49 | 425 | Trace only 


Results obtained with Aw. 


| 
Grams _ Per cent. | 

of a of | Cubic inches of Sulphur 
gaiena P total oxygen used. : per cent. 
obtained.| °°?" | Jead lost a 


16°60 
23°90 
21°86 
12°87 

8°40 
14°06 


The only evidence, free from ambiguity, in favour of the existence of 
the hypothetical body PbS,O,, was based upon the assumption that a 
definite ratio existed between the amounts of the volatile and the non- 
volatile products ; it must now be submitted that at present we have no 
grounds for believing such a compound as Pb§S,0, to exist. 

It remains, however, to be shown how it is that sulphur is present 
in the product resulting from the interaction of lead sulphide and lead 
sulphate. The reaction 

PbS + PbSO, = 2Pb + 280, 
has hitherto been accepted by the great majority of chemists, and has 
recently been stated by Lodin (Compt. vend., 1895, 120, 164) to be true, 
but it does not account for the undoubted sulphury character of the 
product, even if performed under conditions very favourable for oxida- 
tion. Unfortunately, the published account of M. Lodin is incomplete, 
and a qualitative experiment was made in order to ascertain what 
happened when the sulphide and sulphate were heated together in a 
dried condition in what was initially avacuum. A porcelain tube was 
VOL. LXXI. ZZ 
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accordingly mounted in a small gas furnace, and connected by a T-pipe 
(provided with suitable valves) to a Sprengel pump and to a gas receiver, 
so that the tube could be first exhausted of its air and then connected 
with the receiver in a way that would enable a rush of gas to be 
satisfactorily dealt with. The tube was then charged with an intimate 
mixture of the two compounds in accordance with the above equation ; 
both substances previous to the experiment having been carefully dried 
for several days in a desiccator. The porcelain tube was sealed at its 
open end, exhausted, and heated to 300° in order to expel the residual 
air. When exhaustion was complete, the pump was disconnected ; there 
had, so far, been no evolution of gas from the charge. The heating was 
continued until, at a temperature of about 550°, there was a sudden 
and violent evolution of gas, which only lasted as long as that tem- 
perature was maintained. Heating was continued until no further 
evolution of gas could be seen, and the tube when cold was then 
opened. The gas that had been evolved proved to be sulphur dioxide, 
and amounted to rather more than 16:7 per cent. of the total charge. 
- The tube contained two substances in separate layers and merging the 
one into the other. The lighter of the two resembled dirty lithage, 
the denser was a mixture of sulphide and sulphate of lead. A very 
small quantity of metallic lead in a sulphurised condition was also 
present. The glaze of the tube had been attacked, and some silicate of 
lead formed, whilst the heterogeneous character of the product was so 
pronounced as to discourage a repetition of the experiment under the 
same conditions. It was evident, however, that at the temperature 
indicated a reaction did occur between galena and lead sulphate, and 
that sulphur dioxide was the gaseous product. The experiment was re- 
peated at a temperature of about 1000°, the charge being contained in 
an unglazed porcelain crucible placed in a chamber completely filled 
with sulphur dioxide. The product was a black fused mass consist- 


ing of 


80°5 per cent. 


Sulphur 
Oxygen by difference 


It was not found possible to repeat these results with accuracy, time 
and temperature evidently influencing them to.a considerable extent, 
and we proceeded to test each likely pair of compounds that could be 
assumed to be present in the operation, in order to.ascertain whether a 
subsidiary and reversed reaction occurred, that brought the main one to 
an end, and would account for the presence of so much sulphur. The 
substances likely to be present are Pb, PbO, PbSO,, PbS, SO,, SO;, 0.» 
and 8, but the task is much simpler than this list would indicate, for 
many of the pairs do not contain lead, and the behaviour of O, with 
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Pb, or of Pb with PbO, or of Pb with PbS is well known and offers no 
clue. There was, however, the probability that the equation 

PbS + PbSO, = 2Pb + 280, 
did express very nearly what occurred, and the possible pairs of the four 
substances involved were therefore alone of importance; this reduced 
the number of pairs to three, 


I. PbS + PbSO, 
II. Pb + PbSO, 
III. Pb +80, 


and only left two on which it would be necessary to make direct ex- 
periment. 

The reaction of lead with lead sulphate should give, as far as was 
known, yellow litharge and sulphur dioxide, according to the equation . 
Pb+PbSO,=2Pb0+80,. Very carefully conducted experiments 
gave, however, a product which was invariably black or grey, and on 
analysis was always found to contain lead sulphide, although in 
amounts that varied according to the temperature at which the experi- 
ment was performed, and also according to the time occupied over the 
experiment, an increase in either causing a decrease in the amount of 
lead sulphide found in the product, Two such experiments will here 
be mentioned. In the first of these, finely divided lead and dried lead 
sulphate, both approximately pure, and in molecular proportion, were 
heated out of contact with air in an unglazed porcelain crucible for half 
an hour at a dull red heat, or at about 500°. The loss in weight was 
found to be 2°87 per cent. ; the product, which was dark grey, was not 
melted, but fritted only. Treatment with hot hydrochloric acid caused the 
evolution of sulphuretted hydrogen corresponding with 1°41 per cent. 
of sulphur. In the case of the second experiment, an exactly similar 
charge was heated for the same length of time toa temperature of about 
550°. The product was black and completely fused. The loss in weight 
amounted to 8°51 per cent., whilst the amount of sulphur subsequently 
liberated on treatment with hydrochloric acid only equalled 0°4 per cent. 
It will here be seen in passing that action occurs between the sulphide 
and the sulphate. It might be urged that the formation of this sulphide 
is directly due to the reduction of some of the sulphate by means of the 
metallic lead. There is, however, at least the equal probability of action 
on the metallic lead by the first sulphur dioxide that is liberated, the 
pair of substances Pb + S8O,, moreover, are present in both the reactions 
expressed by the equations 


Pb + PbSO, = 2Pb0 +80, 
PbS + PbSO, = 2Pb + 280,. 


Some reference as to the behaviour at high temperatures of this, the 
ZZ2 
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remaining pair of substances, has already been made in the early part 
of the paper; a long series of experiments was now conducted with 
regard to what occurred at temperatures below visible redness. It was 
found that very little action, if any, takes place in the cold, even when 
the experiments are continued for a period of three months, but that 
action takes place when the temperature is raised ; the experiments were 
therefore performed within the range of temperature from 300° to 400°. 

The lead employed was in an extremely fine state of division, and from 
threeseparatesamples. One was chosen for the fine state of division which 
had been produced by the lead being thrown in the molten condition 
on toa whirling table, but it was not very pure and was soon discarded. 
The second sample we prepared with great care by Stas’s method, and 
this was too pure to admit of the determination of any impurity in it ; 
this sample was reduced to powder by filing. A third sample was from 
commerce, it was known to have been reduced from pure ores, and was 
practically pure itself; it contained no sulphur, and only 2 dwts. of 
silver per ton. 

A small distillation flask of hard glass, B, Fig. 2, was weighed, and 
then charged with a known amount of from 20 up to 100 grams 
of the lead in the state of clean filings. The flask was then heated 
in an air bath to the requisite temperature, usually 320°, and main- 
tained at this for a period of from one to three hours, during which time 
a slow current of purified sulphur dioxide was passed through it, the 
gas being delivered by a central tube, A, immediately on to the metal. 
In some experiments, the temperature was gradually raised to 400° 
during the first half-hour, and maintained at this until the experiment 
was over. 

The effluent gases were treated in various ways. They were some- 
times passed into pure caustic soda solution, in others they were 
passed into barium hydroxide, or cadmium carbonate in water, in 
others they were condensed by freezing, or passed through a cold tube 
charged with broken glass to catch anything in suspension, such as, 
for instance, sulphuric anhydride. In some other experiments, the 
effluent was passed through a hot porcelain tube in order to decompose 
any sulphuric anhydride, and the resulting gases treated with alkaline 
solution. Very careful watch was also kept for any indication of a 
vapour containing the metal, but none has so far been found, sulphuric 
anhydride in small quantities being the only substance obtained. 

The particles of lead were in all cases covered with a black layer 
which cemented them together, particularly if the temperature were 
330° or higher. The product from experiments conducted at a lower 
temperature was rather lighter in colour and pulverulent. In all 
cases, treatment by hydrochloric acid dissolved some of the layer, and 
liberated sulphuretted hydrogen, which was caught in alkaline solution 
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and estimated in the usual way by means of standard iodine solution. 


Boiling hydrochloric acid, however, 
sulphur taken up by the lead, so that some sulphur was present in an 
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already oxidised form ; the oxidised sulphur could, however, be readily 
extracted from the fresh sample as lead sulphate by means of sodium 
acetate. 

The effluent gases from the tube, B, Fig. 2, were mainly formed of 
the excess of sulphur dioxide that had been employed, but after this 
had been driven off from the alkaline solution by means of dilute hydro- 
chloric acid (previously tested very carefully for free chlorine, and 
checked by blank experiment) it was found that sulphuric acid was 
present. This, as is well known, would not be conclusive, for boiling 
hydrochloric acid will oxidise a little sulphur dioxide, but in several 
experiments the sulphuric anhydride that was deposited in a cold dried 
tube was collected and directly tested. Check experiments were also 
made in which the identical apparatus was used exactly as in a main 
experiment with the same bottle of dioxide, and the same purifying 
flasks ; we then only obtained the trioxide when we had charged the 
apparatus with lead. 

In some of our experiments, conducted at the lower limit of tem- 
perature, the sulphur oxidised to the form of trioxide amounted 
approximately to twice that which could be obtained from the lead 
as sulphuretted hydrogen by the aid of hydrochloric acid. The 
tendency, however, for oxidised products of lead to be formed is very 
great, and the experiments are troublesome from a quantitative point 
of view. A quantity, 20 grams, of lead was exposed to the action of 
sulphur dioxide for a period of two hours, at a temperature of 310° ; 
the gain in weight from the sulphide was 00169 gram, whilst 0:0348 of 
a gram of sulphur was recovered from the effluent as sulphuric acid. This 
would point to a reaction occurring such as Ph + 380, = PbS + 280,. 
There is further evidence, moreover, that this reaction occurs, in the 
fact already mentioned in the paper that if sulphur dioxide be bubbled 
into molten lead at temperatures high enough to ensure the dissocia- 
tion of sulphur trioxide, lead sulphide and lead oxide are formed in 
each other’s presence. The action of the gas employed at a low tem- 
perature can obviously be only on the immediate surfaces of the 
particles of lead, unless the experiments were continued for an unduly 
long period of time, and this fact rendered it necessary to incur the 
experimental difficulty due to a relatively small alteration only in the 
weights of the substances employed. When, however, the experiment 
was conducted at a temperature well above that of the melting point of 
lead but below 400°, we found that the amount of sulphur trioxide in 
the effluent was small, although it could still be collected. 

The plumbiferous product was now found to be much richer in sulphur, 
but quite black, until attempts were made to grind it, when it was seen 
to consist of particles of lead with a black coating. In one experiment 
so conducted, and where 0°0011 gram of sulphur trioxide only could be 
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collected in the effluent, although a little more was probably present in 
too finely divided a state to be arrested, 100 grams of lead increased 
after treatment for three hours to 101°57 grams. The sulphur that 
was subsequently distilled over as sulphuretted hydrogen by the aid of 
hydrochloric acid, and then oxidised to sulphuric acid by iodine, 
amounted to 0°32 per cent. whilst much sulphur was found with the 
lead, even after prolonged boiling with the acid. An amount of 
lead sulphate was extracted from a fresh portion of the same sample 
of the plumbiferous product by treatment with sodium acetate, and this 
amount corresponded in the actual experiment to 1:26 per cent. of 
SO,, the sulphate being carefully determined without oxidation, and by 
means of barium chloride. The soluble lead was also determined, and 
gave a slightly higher value, the discrepancy corresponding to a small 
quantity of oxide. 

The conditions of the experiment are not likely to allow of very close 
agreement, and we would submit that these figures point to a reduction 
of part of the sulphur trioxide first formed to sulphur dioxide and lead 
oxide, giving a nett result according to the equations : 


I. Pb +380, = PbS + 280, 
II. Pb +280, =PbSO, +80, 


or, more simply, 2Pb+2SO0,= PbS + PbSO,, which is the exact inverse 
of the main reaction that has been called into question. 

This inverted reaction fully accounts for the anomalies which have 
been met with in lead smelting, and it also reveals an interesting case 
of equilibrium which one of us purposes to investigate when extending 
the research to the behaviour of other metals under similar conditions. 

It will be noted that these reversed or inverted reactions occur at 
relatively low temperatures, and in the presence of a large excess of 
sulphur dioxide, and that at higher temperatures, when the main re- 
actions are in progress, the metallic lead that is reduced is in a very 
favourable condition to decompose the sulphur dioxide in its immediate 
neighbourhood unless the latter is rapidly swept away. As regards 


the equations : 
? Pb+ PbSO, =2Pb0+80, 


PbS + PbSO, = 2Pb + 280, 


as well as PbS + 2PbO=3Pb+SO0,, it must be submitted that there is 
now no reason to doubt that the reactions expressed by them do occur 
with varying degrees of completeness, and that they form, as stated by 
Dr. Percy (Lead, Dr. Percy, 1870, pp. 45 and 220—221), the basis of the 
metallurgy of lead, by the well known Flintshire process. We would 
here express our thanks to Mr. C. H. Sidebotham, A.R.S.M., and to 
Mr. W. McEwen, A.R.S.M., who rendered much valuable assistance in 
the large amount of analytical work that the research has involved. 
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LXX.—The Action of Bromodiphenylmethane on 
Ethylic Sodioacetoacetate. 


By Grorce GreratpD Henperson, D.Sc., M.A., and MatrHew ARCHIBALD 
PaRkKER, B.Sc. 


Accorpine to Allen and Kélliker (Annalen, 1885, 22'7, 107), bromo- 
triphenylmethane (2 mols.) and ethylic sodioacetoacetate (2 mols.) 
interact readily with formation of a disubstituted ethereal salt, 
CH,°CO’C(CPh,;),*COOEt (1 mol.), ethylic acetoacetate (1 mol.) being 
regenerated. On the other hand, it was found by one of us (Trans., 
1887, 51, 224) that when bromotriphenylmethane is caused to act 
under the same conditions on ethylic sodiomalonate, the product is a 
monosubstituted ethereal salt, CH(CPh,)(COOEt),, practically no dis- 
substituted derivative being formed and no ethylic malonate regenerated. 
It was also found that bromodiphenylmethane and ethylic sodiomalon- 
ate likewise yield a monosubstituted derivative, CH(CHPh,)(COOEt),, 
only (Trans., 1891, 59, 732). In view of these facts, the present 
investigation was undertaken with the object of ascertaining whether 
bromodiphenylmethane would act on ethylic sodioacetoacetate similarly 
to bromotriphenylmethane, or whether, as was the case with ethylic 
malonate, a monosubstituted derivative would be obtained. From the 
results of the experiments described below, it will be seen that the 
latter is the case ; under the conditions mentioned, the reaction takes 
place mainly, if not altogether, according to the equation CHPh,Br + 
CH,*CO-CHNa:COOEt = CH,*CO-CH(CHPh,)-COOEt + NaBr;neither 
ethylic acetoacetate nor a disubstituted derivative could be separated 
from the product. 


Preparation of Ethylic a-Acetyl-B-diphenylpropionate. 


The action of bromotriphenylmethane on the sodium derivatives of 
ethylic acetoacetate and ethylic malonate proceeds readily even at the 
ordinary temperature, so that dry ether may be conveniently employed 
as a solvent; as, however, a much higher temperature is necessary 
before bromodiphenylmethane attacks either of these sodium deriva- 
tives, benzene or toluene must be used instead of ether ; alcohol, of 
course, is out of the question, because it decomposes the bromine 
derivatives of both di- and tri-phenylmethane. In the preparation of 
ethylic a-acetyl-B-diphenylpropionate, the following process was found to 
give a good yield. 4°6 grams (1 mol.) of sodium in thin slices were 
added to a solution of 26°5 grams (1 mol.) of ethylic acetoacetate in 
about ten times its weight of pure dry benzene or xylene, and heat 
was applied until the sodium was completely dissolved ; 50 grams 
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(1 mol.) of bromodiphenylmethane were then added, and the mixture, 
after being heated on the water bath for some hours, using a reflux 
condenser, was finally kept boiling gently on the sand bath until a 
sample of the product when dissolved in water no longer showed an 
alkaline reaction to litmus. The benzene solution, after being freed 
by filtration from the sodium bromide formed in the course of the re- 
action, was concentrated, and on cooling yielded a crystalline deposit ; this 
was collected, drained on a porous plate, and purified by repeated re- 
crystallisation from alcohol. In addition to the crystals, a relatively 
small quantity of a brown oil was produced, but this does not appear 
to contain any ethylic acetoacetate, or any of the disubstituted com- 
pound, CH,*CO-C(CHPh,),* COOEt, which would have been formed if 
the reaction had proceeded in the same way as when bromotripheny]- 
methane was used. 

0°2099 gave 0°5884 CO, and 0:1298 H,O. C=76°45; H=6-86. 

CHPh,* CHAc*COOEt requires C= 77°02 ; H=6°75 per cent. 

The substance crystallises from alcohol in colourless, shining needles, 
which melt at 85°. It is sparingly soluble in cold alcohol, but readily 
in hot alcohol, benzene, or ether. 1t decomposes for the most part 
when subjected to distillation, a small quantity coming over unchanged 
at about 100°. 


Preparation of a-Acetyl-B-diphenylpropionie Acid. 


This acid, as, indeed, was to be expected, proved extremely unstable in 
the free state, and, moreover, its ethylic salt, when treated with dilute 
solutions of alkalis, underwent both ketonic and acid hydrolysis even 
at. the ordinary temperature. Hence, although many attempts were 
made to liberate the acid by various methods of hydrolysis, it was not 
obtained in quantity sufficient for purification and analysis. The only 
process which yielded even a small quantity of the acid was to suspend 
the finely powdered ethereal salt in a 2 per cent. aqueous solution of 
caustic potash (rather more than the calculated quantity of alkali being 
used), and to leave it for some days, agitating frequently. The un- 
changed substance, together with some f-diphenyl ethyl methyl ketone, 
which was always formed, were removed by filtration, the solution 
cautiously acidified, and the small quantity of a crystalline substance 
which separated out was collected and dried between folds of filter 
paper as quickly as possible. The crystals thus obtained melted about 
90° and decomposed when heated to a slightly higher temperature. 
This substance was, without doubt, a-acetyl-B-diphenylpropionic acid 
CHPh,* CHAc*COOH, but as it invariably underwent decomposition, 
at the ordinary temperature within a very short time after being libe- 
rated, it could not be purified for analysis, 


678 THE ACTION OF BROMODIPHENYLMETHANE, ETC. 


The small yield of the acid was due to the fact that its ethylic salt, 
on standing in the potash solution, soon became covered with a deposit 
of B-diphenyl ethyl methyl ketone, which arrested the further action of 
the alkali. Other methods of hydrolysis, by which this difficulty might 
have been obviated, gave, not the acid, but one or both of the other 
products mentioned below. 

No salts of the acid were analysed, for they also were found to be 
exceedingly unstable ; for example, the potassium salt decomposed very 
quickly in aqueous solution at the ordinary temperature. 


Preparation of B-Diphenyl Ethyl Methyl Ketone. 


This ketone was easily prepared by heating ethylic a-acetyl-6-di- 
phenylpropionate (1 mol.) with a 2 per cent. alcoholic solution of 
potash (24 mols.). On adding water to the alcoholic solution, a solid 
was precipitated, which was collected, washed with water, and purified 
by recrystallising it several times from alcohol. 

0°2105 gave 06602 CO, and 0°1367 H,O. C=8553; H=7:21. 

CHPh,°CH,°CO-CH, requires C= 85°71°; H=7'14 per cent. 

It crystallises from alcohol in colourless prisms, which melt at 47:5° 
and distil practically unchanged at 315°. It is fairly easily soluble in 
cold alcohol, and very readily in benzene. 

During the preparation of the ketone, a small portion of the ethereal 
salt was usually converted by acid hydrolysis into B-diphenylpropionic 
acid, the properties of which have been described in a former communi- 
cation to the Society (Trans., 1891, 59, 732). 

The oxime, CHPh,*CH,*C(CH,):N-OH, was prepared in the usual 
manner by the action of hydroxylamine hydrochloride on the ketone 
in presence of a large excess of caustic potash, sufficient alcohol being 
added to keep the ketone in solution. When the alkaline solution was 
acidified, the oxime was precipitated as a yellowish oil; this was 
extracted with ether, the ether distilled off, and the syrupy residue 
dissolved in cold alcohol. On spontaneous evaporation, crystals were 
obtained, which were drained on a porous plate to remove oily con- 
taminations and purified by recrystallisation from alcohol. 

0-3141 gave 15-7 c.c. of moist nitrogen at 17° and 753 mm. N=5-85. 
Calculated : N=5-°85 per cent. 

The oxime separates from alcohol in small, colourless crystals, which 
melt at 86—87°. It is sparingly soluble in cold alcohol, but readily 
so in hot alcohol and in benzene. 

To obtain the semicarbazone, CHPh,* CH,*C(CH,):N-NH:CO-NH,, 
an alcoholic solution of the ketone (1 mol.) and of sodium acetate 
(1} mol.) was added toa concentrated aqueous solution of semicarbazide 
hydrochloride (1 mol.) together with sufficient alcohol to form a clear 
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solution, which was left at the ordinary temperature for 24 hours and 
then diluted largely with water ; the semicarbazone thus precipitated 
as a crystalline powder was purified by recrystallisation from alcohol. 


0°2539 gave 32°8 c.c. of moist nitrogen at 15° and 749 mm. N=15°16. 
Calculated : N = 14°94 per cent. 


The semicarbazone is very sparingly soluble in cold alcohol, and 
sparingly in benzene, but it dissolves fairly easily in hot alcohol, from 
which it separates in very small, white clusters of minute crystals. It 
melts at 171°. 


CHEMICAL LABORATORY, 
GLASGOW AND WEST OF SCOTLAND TECHNICAL COLLEGE. 


LXXI.—Some New Gold Salts of Hyoscine, 
Hyoscyamine, and Atropine. 


By Hooper A.Bert Dickinson Jowett, D.Sc. 


In the course of some work necessitating the preparation of the 
aurichloride from the hyoscine hydrobromide of commerce (which, it 
may be remarked, is really scopolamine hydrobromide), it was observed 
that, on mixing aqueous solutions of this salt with auric chloride, a red 
precipitate was formed instead of the characteristic yellow aurichloride. 
Experiments made to determine the composition of this precipitate 
showed that it is an additive compound of gold chloride with the 
hydrobromide, and may thus be termed hyoscine hydrobromide gold 
chloride [B,HBr,AuCl,]. In studying the conditions of formation of 
this salt, the auribromide [B,HBr,AuBr,] was also prepared, and it 
was further observed that the other solanaceous alkaloids, atropine 
and hyoscyamine, react in a similar manner, forming analogous com- 
pounds, 

Hyoscine hydrobromide gold chloride, C,,H,,NO,,HBr,AuCl,, is 
formed when aqueous solutions of hyoscine hydrobromide and auric 
chloride are mixed either in equivalent proportions or with a slight 
excess of auric chloride, the red, amorphous precipitate which is formed 
becoming crystalline on standing, or, better, by heating the mixture to 
boiling and then cooling, when a crop of dark red, prismatic crystals 
separate. The salt is best recrystallised from boiling water acidified 
with a little hydrochloric acid, when it separates in red prisms which 
melt and decompose at about 215°. The salt is soluble in boiling 
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water or acetone, and sparingly so in hot and cold alcohol or cold water. 
On analysis it gave the following results : 

Found: Gold (i) 29°08; (ii) 28°95 per cent. Mixed silver haloid 
salts, 90°4 per cent. of salt taken. 

Calculated for C,,H,,NO,,HBr,AuCl,: Au= 28°60 per cent ; mixed 
silver salts, 90°2 per cent. 

The silver salts tested in the usual way were found to contain both 
chlorine and bromine. 

In order to be certain that the salt was homogeneous, and also to 
determine whether, under any conditions, the aurichloride is formed, 
the experiment was repeated in solutions of varying strength, both 
acid and neutral, and the percentage of gold in the product determined 
by ignition. In no case was the aurichloride formed, and except 
in presence of excess of hydrobromic acid, this new compound was 
obtained in every case. 

These results may be tabulated as follows : 


Percentage of gold 
Conditions of experiment. found in salt. 


(i) By mixing concentrated solutions in presence of 
considerable excess of hydrochloric acid 
(ii) As above, with specially prepared auric chloride ... 28°38 


(iii) By mixing 10 per cent. neutral solutions 28°10 
(iv) ” ” 1 ” ” coveccccccce 28°10 
(Vv) 5 ~ 0°5 solutions acidified with HCl 28°10 


In all the above experiments except (ii), the double gold salt of 
commerce was used, but parallel experiments, with specially prepared 
auric chloride yielded identical results. In some experiments, the 
product seemed lighter in colour, but on analysis yielded the same 
results. 

Hyoscine auribromide, C,,H,,NO,,HBr,AuBr,.—When, in place of 
excess of hydrochloric acid in the above experiment, hydrobromic acid is 
used, a chocolate-coloured precipitate is formed, which may be recrystal- 
lised from boiling water acidified with hydrobromic acid, when it is ob- 
tained in chocolate-coloured prisms sparingly soluble in cold water. This 
salt melts with decomposition at about 210°, and on analysis was found 
to contain bromine but no chlorine, and to be the auribromide of the 
base. It must thus be formed by the interaction of auric chloride and 
hydrobromic acid. On analysis, the recrystallised salt gave the fol- 
lowing results : 


Found: Au (i) 23°68 ; (ii) 23°64 per cent. Br 39-09 per cent. 
C,,H,,NO,,HBr,AuBr, requires Au= 23°93 ; Br=39-07 per cent. 
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The corresponding salts of hyoscyamine and atropine are prepared in 
precisely the same manner, and possess similar chemical and physical 
properties. 

Hyoscyamine hydrobromide gold chloride, C,,H,,NO,,HBr,AuCl,, is a 
yellowish-red salt which crystallises from boiling acidified water in 
scales, melting sharply at 164° (corr.), and on analysis was found to 
contain 28°00 per cent. of gold. Calculated for C,,H,,NO,,HBr,AuC), : 
Au= 27°76 per cent. 

Hyoscyamine auribromide, C,,H,,.NO,,HBr,AuBr,, is prepared by the 
method describéd for hyoscine auribromide, and is in appearance exactly 
similar to that salt. It melts at 115°—120° (corr.) and is soluble in 
hot water, but only sparingly in cold water. On analysis, the recrystal- 
lised salt was found to contain 23°75 per cent. of gold. Calculated for 
C,,H,,NO,,HBr,AuBr, : Au=24°3 per cent. 

Atropine hydrobromide gold chloride, C,,H,,NO,,HBr,AuCl,. This 
salt is precipitated as an oil when prepared in the usual manner, but 
crystallises from boiling acidified water in reddish-brown scales, which 
melt sharply at 144° (corr.) and contain 27°20 per cent. of gold. 
C,,H,,NO,,HBr,AuCl, requires 27°76 per cent. gold. 

Atropine auribromide, C,,H,,NO,,HBr,AuBr,.—This salt is also pre- 
cipitated as an oil when prepared in the usual manner, and crystallises 
from boiling acidified water in chocolate prisms, similar in appear- 
ance to the other auribromides, and melts at 120° (corr.). On an- 
alysis, it was found to contain 23°6 per cent. of gold. Calculated for 
C,,H,,NO,,HBr,AuBr, : Au=24°3 per cent. 

It will be noticed that the gold chloride compounds have in every 
case a melting point slightly higher than that of the aurichloride, 
whilst the auribromides of atropine and hyoscyamine melt at a lower 
temperature. 

The salts having the composition B,HBr,AuCl, offer some analogies 
to a platinum salt first prepared by Pitkin by the interaction of 
platinic chloride with potassium bromide and to which he ascribed the 
formula K,PtCl,Br,. It has been stated, however (Herty, J. Am. 
Chem. Soc., 1896, 18, 130), that this salt is not a true chemical com- 
pound, but an isomorphous mixture of two parts of potassium platino- 
chloride, K,PtCl,, and one part of the platinobromide, K,PtBr, ; this 
question, however, cannot be regarded as definitely settled (Miolati, 
Zeit. anorg. Chem., 1897, 14, 237). 

If this view be extended to the gold salts described above, they 
would have to be regarded as a mixture of three parts of the auri- 
chloride with one part of the auribromide. On investigating the 
matter, however, it appears that these gold salts must be regarded as 
true chemical compounds and not as simple mixtures, 


682 JOWETT: SOME NEW GOLD SALTS OF HYOSCINE, ETC. 


This conclusion is based on the following results : 

1. The percentage of gold in the salt was not altered by recrystalli- 
sation. 

2. The substance obtained on mixing 3 parts of the aurichloride and 
1 of auribromide was quite unlike the gold salt, B,HBr,AuCl,, both in 
colour and in general appearance. 

3. When precipitated in three fractions, each appeared to have the 
same colour. 

4, In the case of the atropine and hyoscyamine salts, the melting 
points are sharp and above those of the corresponding aurichlorides and 
auribromides. 

5. After the gold had been precipitated with hydrogen sulphide, the 
salt recovered from the filtrate contained no chlorine, and on the ad- 
dition of auric chloride yielded a red precipitate identical with the 
original salt. 

6. The red salt is obtained when the solutions used are so dilute that 
it remains a solution, instead of being precipitated. The same result 
is obtained in the presence of a large or small excess of hydrochloric 
acid. 

The formation of these salts is very interesting from a theoretical 
point of view, particularly that of the auribromide by the mass action 
of the hydrobromic acid and the failure of the hydrochloric acid to 
bring about the formation of the aurichloride. 

They are also important as adding to the list of easily formed and 
well-defined alkaloidal salts, which may be of use for purposes of 
identification. In this respect, it must be noted that the statement of 
the United States Pharmacopeia, that “hyoscyamine hydrobromide 
with gold chloride test solution yields a precipitate which, when recrys- 
tallised from a small quantity of boiling water acidulated with hydro- 
chloric acid, is deposited on cooling in minute, lustrous, golden-yellow 
scales,” requires modification. In conclusion, it seems very probable 
that most of the vegetable alkaloids would, under similar conditions, 
afford compounds of this, or analogous types; the author, however, 
does not intend to pursue the investigation further, the object of the 
present note being to draw attention to this new class of alkaloidal 
gold salts. 


WELLCOME RESEARCH LABORATORIES, 
Lonpvon, E.C. 


PASTEUR MEMORIAL LECTURE.* 


(DELIVERED ON MARcH 25th, 1897). 


By Percy FrankLANnD, Ph.D., B.Sc., F.R.S.,t Professor of 
Chemistry in Mason College, Birmingham. 


WE are assembled here this evening for the purpose of publicly 
calling to mind and recording some of the great achievements of a man 
whose master mind has not only exerted a wonderful influence on the 
development of several sciences, but whose successful labours are 
closely interwoven with much of the progress which has taken place 
in many departments of practical life during the latter half of this 
century. 

Although the name of Pasteur belongs to so many branches of 
science, I would claim his glory for our own, as I believe his pheno- 
menal success in such varied fields of investigation to be in large 
measure due to his having been reared under that chemical discipline 
in which we place our faith, and in his having, almost for the first time, 
extended the experimental methods and close reasoning of the chemist 
to other sciences in which, hitherto, investigators had been mostly 
busied with matters of superficial description and empty nomenclature. 

Of theintellectual development of this great master of theexperimental 
method we are fortunately very fully informed, as not only are we in 
possession of what is practically an autobiography from the pen of his 
son-in-law, but some of his coadjutors, who were in daily association 
with him during the most active years of his life, have furnished per- 
sonal reminiscences of the progress of his mind through those varied 
fields in which he laboured so arduously and so well. 

In a poor quarter of Déle stands a little house bearing the simple 
inscription in gold : 

“Tor Est NE Louis PasTEUR 
LE 27 Dé&ceMBRE, 1822.” 


When an infant of but two years of age, his parents removed to.the 
town of Arbois, where his childhood was passed, for here his father 
purchased a small tannery. That this hard-working tanner was a man 
of character and stern experience is shown by the fact that he had 
fought in the legions of the First Empire, and that he had been 
decorated on the field of battle by Napoleon, but the rough soldier had 


* Chemical Society’s Memorial Lecture, No. VI. 
t+ I am indebted for the excellent portrait of M. Pasteur to his son-in-law, 
M. R. Vallery-Radot. 
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his heart in the right place, and the home at Arbois appears to have 
been one of those establishments which revolve round the children, 
and the greatest sacrifices were made by the parents to secure the best 
educational advantages for the son. Nor was Pasteur unmindful of 
this unselfish devotion in after years, for the most celebrated of his 
works* bears the dedication : 


“4, la Mémoire de mon Pére” 
“ancien militaire sous le Premier Empire, Chevalier de la Légion d’ Honneur,” 


a tribute surely more imperishable and more covetable even than the 
ribbon pinned to his tunic by the victor of Marengo and Austerlitz ! 

At the Collége Communal, which Pasteur attended at Arbois, he 
did not for some time evince any interest in books or study, but found 
his pleasure in fishing and in drawing portraits of his companions and 
neighbours, for he possessed already, at this early age, marked ability 
as a draftsman, a gift which must have stood him in good stead on 
many occasions in after life. 

As soon, however, as Pasteur realised the strain upon the resources 
of his parents which his education entailed, he threw off his lethargy, 
locked away his cherished pastels so as to be delivered from tempta- 
tion, and rapidly developed that passion and enthusiasm for work 
which ultimately dominated his life, and which the greatest vicissitudes 
proved powerless to break. 

The College at Arbois having no chair of philosophy, Pasteur pro- 
ceeded to Besangon, where he graduated Bachelier és Lettres, and was 
at once appointed ‘ maitre répétiteur’ in the college. The fond ambition 
and hope of his father was often repeated :-—“ Ah! ci tu pouvais 
devenir un jour professeur, et professeur au collége d’Arbois, je serais 
Vhomme le plus heureux de la terre.” But his old schoolmaster had 
already formed a juster estimate of young Pasteur’s powers, saying, 
“Ce n’est pas vers la chaire d’un petit collége comme le nétre qu'il 
faut le diriger, il faut qu’il soit professeur dans un collége royal . . . 
Mon petit ami, pensez a la grande Ecole normale!” 

Pasteur’s interest in chemical science had already begun at this 
time, and we are told how he was in the habit of embarrassing the 
venerable Professor Darlay with difficult questions in the presence of 
hisclass. I think it may be taken as a very safe generalisation that the 
real attainments of a man are in direct proportion to the frequency of his 
use of the words, ‘‘ I don’t know,” and judged by this rule, the know- 
ledge of this aged professor of physics and chemistry at Besangon must 
have been limited indeed, as he tried to safeguard his dignity by 
telling his pupil that it was for him to interrogate Pasteur, and not for 
Pasteur to catechise him before all his scholars. Checked in his 


* Etudes sur la Bitre, 1876. 
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enquiries in this direction, Pasteur endeavoured to satisfy his craving 
for chemical knowledge by seeking assistance from a pharmacist who 
enjoyed considerable local reputation through being the author of a 
paper which had been deemed worthy of publication in the Annales 
de Chemie et de Physique. 

An incident attended Pasteur’s entry as a student at the Ecole 
normale which is worth recording as indicative of his extraordinary 
perseverance, and of the exacting standard of performance which he 
imposed upon himself. Having presented himself for the entrance 
examination, he duly passed, but only obtaining the fourteenth place, he 
withdrew for further preparation, and in the following year, in October, 
1843, obtained the fourth place. 

Once admitted within the magic portals of this great temple of 
learning, Pasteur found full scope for gratifying his taste for chemistry, 
which had been rapidly ripening during the past few years. As a 
student at the Ecole normale, he enjoyed the privilege of attending the 
lectures both of Balard at the Ecole normale, and of Dumas at the 
Sorbonne. By each of these great masters of our science, the young 
Pasteur was impressed by what was most admirable, by the great 
grasp of well digested facts and details possessed by the discoverer of 
bromine, by the lofty generalisations indulged in by the author of the 
theory of types. 

Not even on Sundays did Pasteur rest from his chemical studies, 
and we as chemists can perhaps best form some idea of his boundless 
energy by the fact that, on one of these days of rest, he actually suc- 
ceeded in preparing no less than 60 grams of phosphorus from bones, 
the operation lasting from four in the morning to nine o’clock at night. 

It is, doubtless, the experience of many who have attended great 
seats of learning, that whatever may be the indebtedness to professors, 
the real fire of research is not unfrequently kindled by the fertile 
suggestions of junior men with whom students can associate on 
more equal terms, and although Pasteur may have owed much to 
Dumas and Balard, there can be no doubt that he was helped on to the 
first rung of the ladder which he scaled with such dexterity and 
success by a man of this kind. It was M. Delafosse, a former pupil 
and assistant of the renowned Haiiy, who turned Pasteur’s attention 
to the study of crystals and to problems of molecular physics, in which 
domain his first, and I venture to think his most evergreen, laurels 
were won. 

It is not uncommon to hear regrets expressed at the difficulty of 
finding subjects for research, but even at the present day wherever 
the frontier line between the known and the unknown be examined, a 
point will be found where the zealous investigator can add some new 
territory to that fair dominion which man has wrested from the vast 
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continent of darkness with which he has been surrounded by the 
Creator. If that is so to-day, how much more must it have been the 
case 50 years ago, when Pasteur was first impelled to enlist for active 
service in the ranks of science. A few words will suffice to indicate 
the antecedents which led to Pasteur being drawn into the particular 
field of research in which so many of his qualities were for the first 
time revealed to the world. 

As you are aware, the phemonena of double refraction were already 
known to Huygens and Newton, but the subtle nature of the light 
composing the ordinary and extraordinary rays respectively was not 
understood until Malus, in 1808, made the far-reaching discovery of 
the polarisation of light by reflection, and subsequently showed that 
the rays which are transmitted through Iceland spar differ from 
ordinary light in being polarised. 

The wonderful and intricate phenomena of polarisation, which form 
such an attractive chapter in experimental optics, were investigated 
after the untimely death of Malus, in 1812, by Arago, and more 
especially by Biot, who practically devoted his whole life to this study. 
It is almost impossible to overestimate the debt which chemists owe 
to the patient researches of this physicist, for in the course of his 
labours he made, in 1815, the discovery that there are a number of 
natural organic substances, such as sugar, camphor, tartaric acid, oil of 
turpentine, &c., which possess the remarkable property of rotating the 
plane of polarisation, either in the liquid or dissolved state. Nor was 
Biot slow in perceiving the enormous theoretical importance of this 
discovery, for he at once pointed out that, whereas in the previously 
known phenomena of the rotation of the plane of polarisation by 
crystals such as quartz the rotation is conditioned by the crystalline 
form, disappearing altogether as soon as that form is destroyed, on 
the other hand, in the case of these organic substances this rotatory 
power must be inherent in the molecules themselves, for being 
exhibited by liquids it must be dependent on the one structure which 
still remains—the molecule itself. This discovery of Biot’s had thus 
placed the physical phenomena of polarisation on the door-step of the 
chemist, and we shall soon see how the latter has availed himself of 
this unexpected legacy. 

Other physical phenomena, however, were about this time being 
turned to advantage by chemists, and of these perhaps the most 
notable was the striking property of isomorphism, leading as it did, 
in the able hands of Mitscherlich, to those important deductions and 
generalisations with which we are so familiar. It was these phenomena 
of isomorphism that accidentally led to the utilisation of Biot’s bequest, 
and started Pasteur on that great voyage of discovery which was 
coextensive with his life. 
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In 1884, M. Biot communicated to the Academy of Sciences a note 
by Mitscherlich, in which the German mineralogist expresses himself 
as follows (Compt. rend., 1844, 19, 720). 


“The paratartrate (racemate) and the tartrate of soda and ammonia (double 
salt) have the same chemical composition, the same crystalline form, with the 
game angles, the same specific gravity, the same double refraction, and there- 
fore the same angles between their optical axes. Their aqueous solutions have 
the same ; fraction. But the solution of the tartrate rotates the plane of 
polarisation, whilst the paratartrate is inactive, just as M. Biot has found to be 
the case for the whole series of these two kinds of salts; but here the nature 
and the number of the atoms, their arrangement and their distances, are the 
same in the two bodies submitted to comparison.” 


Pasteur had now completed his curriculum at the Ecole normale, 
and he was at once retained as assistant by his former master, M. 
Balard. Having now the opportunity of carrying on research, all other 
matters appeared to him of subsidiary importance. He realised, indeed, 
that his training was yet far from complete, and in order to perfect 
himself in crystallography, with which study he had become enamoured 
through his inspiring intercourse with Delafosse, he determined to repeat 
a very complete piece of work by M. de la Provostaye on the crys- 
talline form of the tartrates. It was soon evident, however, that mere 
repetition and confirmation were not'Pasteur’s strong points, for although 
a comparative novice at the kind of work in question, he was able to 
see what had escaped the observation of his skilled predecessor in this 
field. Thus, both on the crystals of tartaric acid itself, as well as on 
those of its salts, he at once found small facets which had not hitherto 
been described. 

The presence of such facets on crystals of quartz had not escaped 
the attention of Haiiy, who indeed had further divided such quartz 
crystals into left and right-handed quartz, according to the side on 
which these facets were developed. Biot, again, in his extended 
investigations on polarisation, had found that some specimens of quartz 
turn the plane of polarisation to the right and some to the left, whilst 
Sir John Herschell, in 1820, suggested that the two phenomena were 
connected, and that the left-handed quartz crystals rotated the plane 
of polarisation in one direction, the right-handed in the other. Experi- 
ment showed that this was actually the case. These remarkable rela- 
tions appear to have made a profound impression on young Pasteur, 
and so deeply imbued was he with the idea that polarimetric effect 
must be associated with crystalline form, that the appearance of these 
hemihedral faces (as these facets are technically called) seemed to him 
of the very highest importance, and to deserve the most careful study. 
To this end, he prepared no less than 19 different tartrates, and found 
that all exhibited hemihedral faces. 
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He found, however, much more than this, for he discovered that the 
hemihedral faces were similarly situated in all these tartrates, and that 
the solutions of all of them rotated the plane of polarisation in the 
same direction. Pasteur’s natural inference was that hemihedral form 
and rotatory power were similarly linked together in the case of these 
tartrates as they were already known to be in the case of quartz, notwith- 
standing the fundamental difference between the rotation phenomena 
exhibited by the quartz and the tartrates respectively, namely, that 
the quartz only possesses the power in the crystallised state, the tar- 
trates in solution. 

Now Pasteur, although always ready with an hypothesis, valued 
such hypotheses only as a stimulus and guide to further experimental 
research. He proceeded, therefore, not only to examine the crystals of 
other optically active bodies, but, recognising that Mitscherlich’s state- 
ment given above was absolutely incompatible with the hypothesis of 
the relationship between optical activity and hemihedrism which had 
forced itself upon him, he set about also examining the crystalline form 
of racemic acid and its salt, the inactivity of which to the polarised 
beam had already been demonstrated by Biot. In accordance with his 
anticipations, based upon his hypothesis, he found that the crystals of 
the racemates exhibited no hemihedral faces at all. 

The divinity that shapes our ends had, however, not only endowed 
Pasteur with numerous faculties of a very high order, but had decreed 
also that he should be favoured with the most extraordinary luck ; 
indeed Iam disposed to think that most men who have achieved a 
great reputation have been similarly dealt with, and it is the indebted- 
ness which many of them have felt to chance which has so often 
inclined them to belief in fate and destiny. 

Now Mitscherlich had made his allegation with respect to a particular 
racemate, namely, the sodium ammonium salt, and Pasteur, therefore, 
naturally specially examined this. On preparing it, to his intense 
surprise, and quite contrary to the anticipations of his hypothesis, he 
found that the hemihedral faces were indeed there. But on examining 
them more closely, he saw that, whilst in the tartrate the facets were 
all turned towards the right, in some of these racemate crystals they 
were turned to the right, and in others turned to the left. Still obey- 
ing the promptings of his hypothesis, he sedulously picked out the 
right-handed crystals and placed them in one heap, and the left-handed 
crystals in anothe1, dissolved each group of crystals in water, and 
then examined the two solutions separately in the polarimeter—with 
what results we all know, for it is one of the most classical experi- 
ments in the whole range of chemical science; the solution of the 
right-handed crystals turned the plane of polarisation to the right, the 
solution of the left-handed crystals to the left. Looking back upon 
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this experiment after 50 years, and with the knowledge of what has 
followed from it, we cannot fail to be struck with the dramatic nature 
of the situation ; nor is it difficult to realise the intense excitement 
which it must have caused the young investigator. Indeed, fortunately, 
the scene has been handed down, and it appears that on obtaining this 
result Pasteur was so overcome with excitement that he at once rushed 
from the laboratory, and meeting M. Bertrand, embraced him, exclaim- 
ing : 

“Je viens de faire une grande découverte! J’ai séparé le paratartrate 
double de soude et d’ammoniaque en deux sels de dissymétrie inverse et d’action 
inverse sur le plan de polarisation de la lumie¢re. Le sel droit est de tout point 
identique au tartrate droit. J’en suis si heureux que j’éprouve un tremble- 
ment nerveux qui m’empéche de remettre de nouveau lil & Vappareil de 


polarisation.” 


Thus chance, which had led him to examine this comparatively 
obscure double salt of racemic acid, afforded him the opportunity of 
making this brilliant discovery, which has proved of such priceless value 
to chemical science. 

It was only natural that the communication of these most remark- 
able results should have caused the liveliest interest at the Academy of 
Sciences ; we are, however, quite familiar with remarkable results ob- 
tained by mature and well-seasoned investigators being received with 
incredulity or reserve, as it is euphemistically called, and it is not sur- 
prising, therefore, that such a striking discovery made by a young and 
almost unknown man should have been accepted with considerable 
hesitation. The duty of reporting on this paper was entrusted to the 
highest living authority on such a subject, to M. Biot himself, and I 
am tempted to give you Pasteur’s own account of the extraordinarily 
stringent investigation to which the half-sceptical veteran submitted 
the young man’s almost suspiciously plausible results : 


“ He (M. Biot) sent for me to repeat before his eyes the several experiments. 
He gave me racemic acid which he had himself previously examined and 
found to be quite inactive to polarised light. I prepared from it in his 
presence the sodium ammonium double-salt, for which he also desired himself 
to provide the soda and ammonia. The liquid was set aside for slow evapora- 
tion in one of the rooms of his own laboratory, and when 30—40 grams of 
crystals had separated he again summoned me to the Collége de France, so 
that I might collect the dextro- and levo-rotatory crystals before his eyes, and 
separate them according to their crystallographic character, asking me to 
repeat the statement that the crystals which I should place on his right hand 
would cause déviation to the right, and the others to the left. This done, he 
said that he himself would do the rest. He prepared the carefully weighed 
solutions, and, at the moment when he was about to examine them in the 
polarimeter, he again called me into his laboratory. He first put the more 
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interesting solution, which was to cause rotation to the left, into the apparatus. 
Without making a reading, but already at the first sight of the colour-tints 
presented by the two halves of the field in the Soleil saccharimeter, he recog- 
nised that there was a strong levo-rotation. Then the illustrious old man, 
who was visibly moved, seized me by the hand, and said, ‘ Mon cher enfant, 
jai tant aimé les sciences dans ma vie que cela me fait battre le coeur !’” 


But to return to Pasteur’s discovery of the possibility of resolving 
racemic acid, by crystallising the sodium ammonium salt, into equal 
proportions of the well known dextro-tartaric acid, identical with the 
well known acid of grape juice on the one hand, and of the hitherto 
unknown levo-tartaric acid on the other. 

He proceeded to show how these two acids and their salts were 
related to each other in a manner so far unknown for any other sub- 
stances. The two acids he found to be identical in every particular ; 
their crystals presented the same forms, the same faces, the same 
angles, the same hemihedrism, the only difference between them con- 
sisting in the right- and left-handed disposition of their hemihedral 
faces, and in the right- and left-handed directions of their equal rotatory 


powers. 
Not only, however, did he show that racemic acid can be thus split 


into equal proportions of dextro- and levo-tartaric acids, but he 
demonstrated that these two acids could be again made to yield racemic 
acid ; by taking somewhat concentrated solutions of the two acids in 
equivalent proportions and mixing them, he obtained an abundant 
separation of the crystals of racemic acid, in every respect identical 
with the natural product, and the process being accompanied by evolu- 
tion of heat, he concluded that it was a real chemical combination, 
and not mere mechanical mixture (see, in this connection, Ladenberg 
Ber., 1897, 30, 485). 

Whilst this investigation reveals the extraordinary powers of obser- 
vation and experimental skill with which Pasteur was endowed, the 
conclusions which he drew from the results he had obtained serve to 
display the acumen of his reasoning, the clearness of his mind, and 
his immediate appreciation of the ultimate significance of facts. 
Thus the philosophical reflections in which he indulges over this dis- 
covery show how so long ago he had completely foreshadowed and 
grasped the scope of that important branch of our science which we 
now call Stereochemistry, and which, even many years later, was re- 
garded as chimerical by those who had either lost the elasticity of 
youth or had never possessed it. 

Thus how admirable is the courage, the prophetic insight, and the 
self-control with which he expresses himself on the bearings of his 
discovery. 
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(Two lectures on Asymmetry in Natural Organic Compounds, delivered 
before the Chemical Society of Paris on Jan. 20th and Feb. 3rd, 


1860). 


“In isomeric bodies the elements and the proportions in which they are 
combined together are the same, the arrangement of the atoms is alone 
different. The great interest attaching to isomerism lies in the introduction 
of the principle that bodies can be and really are distinct through possessing 
different arrangements of their atoms within their molecules. 

“ But there were no isomeric bodies for which the relationship existing 
between their molecular arrangements was known. This gap is for the first 
time filled up by the discovery of the constitution of racemic acid, and of the 
mutual relations subsisting between dextro- and levo-tartaric acid. We know, 
on the one hand, that the molecular arrangements of the two tartaric acids 
are asymmetric, and, on the other hand, that these arrangements are absolutely 
identical, excepting that they exhibit asymmetry in opposite directions. Are 
the atoms of the dextro-acid grouped in the form of a right-handed spiral, or 
are they placed at the apex of an irregular tetrahedron, or are they disposed 
according to this or that asymmetric arrangement? We do not know. But 
there can be no doubt that we are dealing with asymmetric arrangements which 
are not superposable. It is equally certain that the atoms of the levo-acid 
are disposed in an exactly opposite manner. Finally, we know that racemic 
acid is formed by the union of these two groups of oppositely arranged 
asymmetric atoms. 

“From now onwards the knowledge of the chemical and physical analogies 
and differences corresponding with these arrangements, the relationship 
between which has been ascertained, acquires a particular interest, and pro- 
vides a sure foundation for molecular mechanics. It enables us to determine 
the relationship between physical and chemical properties and molecular 
arrangement, which conditions these very properties, and, vice versd, it permits 
us to draw conclusions from these very properties with regard to their first 
cause. These general relations between properties and corresponding arrange- 
ments may be thus summarised :— 

“1. When the atoms of organic compounds are asymmetrically arranged, 
this molecular asymmetry is betrayed by the crystalline form exhibiting non- 
superposable hemihedrism. 

“2. The ‘presence of this molecular asymmetry reveals itself by optical 
rotatory power. 

“The cause of this rotatory power is thus also ascertained. 

“3, When this non-superposable molecular asymmetry appears in two 
opposed forms, as in the case of dextro- and levo-tartaric acids and all their 
derivatives, then the chemical properties of these identical but optically 
opposite bodies are exactly the same, from which it follows that this type of 
contrast and analogy does not interfere with the ordinary play of the chemical 


affinities.” 


These words were spoken by Pasteur more than 37 years ago, yet 
such is their freshness and permanence, that there is hardly a state- 
ment which they make requiring modification to-day, and they set 
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forth in the clearest possible manner the guiding principles of that 
branch of our science which his genius has created. 

One error which indeed pervades the above passage must be pointed 
out, and that is the supposed necessity that molecular dissymmetry 
should be betrayed by dissymmetric crystalline form. Indeed, Pasteur 
himself discovered that this relationship did not hold good, but it was 
a feature of his genius that his very mistakes proved fertile, and led 
to the establishment of important truths. Thus the whole of his in- 
vestigation on the tartrates had been suggested and guided by this 
preconceived idea that molecular dissymmetry must invariably receive 
expression both in rotatory power and in dissymmetry of crystalline 
form. (It will be shown later, that there is at present a tendency 
amongst crystallographers to revert to Pasteur’s original opinion 
in this matter, as many crystals, externally destitute of asymmetry, 
can be made to display it by artificial treatment. ) 

But if we are impressed with the sagacity and suggestiveness of 
Pasteur’s theoretical speculations, we are filled with even still greater 
admiration on again turning to his experimental work. The field of 
investigation which he exposed to view by his discovery of the rela- 
tionship between the racemic and tartaric acids appears as limitless as 
the prairie which is bounded only by the horizon; this domain has 
in recent years engaged the attention of an ever increasing number 
of workers, and nothing can testify more eloquently to the experimental 
genius of Pasteur than the circumstance that already, during the 
comparatively short period of time that he himself was pursuing its 
cultivation, he succeeded in determining the exact methods by means 
of which it can be exploited. No new methods have been devised, no 
substantial modifications or improvements have been ‘ ntroduced, the 
machinery which he designed for its tillage is still exclusively in vogue, 
although the estate which he abandoned nearly 30 years ago has been 
subdivided, and has passed into many hands of divers nationalities. 

I need hardly remind you of the nature of that machinery designed 
by Pasteur for the preparation and transformation of physical isomers. 
His original method for the separation of the oppositely active com- 
ponents of an inactive racemate was, as we have seen, by the crys- 
tallisation of a particular compound resulting in the formation of 
crystals of the two individual components which were then separated 
by means of their hemihedral faces. This obviously laborious method 
was slightly modified by Gernez, who obtained the resolution of the 
racemate by introducing into its supersaturated solution a crystal of 
one of its active components, a proceeding which is sometimes attended 
by the crystallisation of that component, so that it can be separated 
from the opposite component which remains dissolved. 

This method, which is of peculiar interest theoretically, has only in 
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comparatively rare instances been found available for the decom- 
position of racemoids, and the good fortune which Pasteur had in 
coming upon it before all others is the more extraordinary. 

The feat of decomposing racemoid bodies has, so far as I am aware, 
been accomplished by this method only in some half-dozen other 
different cases, perhaps the most notable of these being the resolution 
of ordinary lactic acid into its active components by means of the 
zinc ammonium salt, in a solution of which a nucleus of one of the 
active components is employed to induce the crystallisation of this 
active component from the inactive racemoid. This ingenious applica- 
tion of the Pasteur-Gernez method is due to my friend and former 
colleague, Prof. Purdie (Trans., 1893, 63, 1143), of St. Andrews’, who 
is known to every reader of our Journal as one of the most indefatig- 
able workers in the field of stereochemistry in this country. In the 
case of inactive asparagine, again, it has been shown that crystallisa- 
tion always takes place as a mixture of enantiomorphic forms, so that 
possibly in this case a true racemoid does not exist at all; and again, 
it has been shown by Emil Fischer (Ber., 1892, 25, 1025) that an 
inactive solution of d- and /-gulonic lactones deposits a mixture of the 
two isomerides, although some of the inactive derivatives made from 
such a mixture crystallise as true racemoids. 

I may also refer, in passing, to the fact that it has been shown by 
Van’t Hoff (Ber., 1886, 19, 2142) that this decomposition of racemoids 
by crystallisation is of great interest in connection with problems of 
chemical equilibrium (see also Winther, “ Zur Theorie der Spaltungen 
der racemischen Formen,” Ber., 1895, 28, 3000). 

Pasteur has, however, given us another method of effecting the 
fission of the racemoids into their optically active components, and 
whilst he was led to the first method by pure chance, the second was 
arrived at as the result of theoretical speculations concerning this 
conception of dissymmetry which he had introduced into chemical 
science, and which has proved of such remarkable fertility. I cannot 
do better than give you his own account (Zectwres on Asymmetry, 1860) 
of the reasoning which he employed, as you may not possibly all be 
aware of how fully conversant he was already, forty years ago, with 
the problems which to some appear almost premature to-day : 

“All chemical compounds, whether natural or artificial, whether mineral 
or organic, must fall into one of two classes ; symmetrical compounds with 
superposable mirror-image and asymmetrical compounds with non-superpos- 
able mirror-image. 

“This being the case, the properties of the two tartaric acids and their 
derivatives remain identical as long as they are brought into contact with 
bodies of the first class, for example, with potash, soda, ammonia, lime, 
baryta, aniline, alcohol, the ethers, in short with all bodies devoid of asym- 
metry, devoid of hemihedrism, and without action on polarised light. 
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“On the contrary, if they are subjected to the action of bodies of the 
second class, such as asparagine, quinine, strychnine, brucine, albumin, sugar, 
&c., or of other asymmetric bodies like themselves, then totally distinct 
phenomena make their appearance. The solubility is different. If combina- 
tion takes place, then the products differ from each other in crystalline form, 
in specific gravity, in the amount of water of crystallisation, in stability on 
heating, in fact just in the same way as the most distantly related isomers can 
differ from each other. 

“Thus the molecular asymmetry of bodies appears as an important agent for 
the alteration of affinities. Towards the two tartaric acids quinine does not 
behave like potash,'and only for the reason that it is asymmetric and that- potash 
is not. Asymmetry, as already stated, exhibits itself in this case as a property 
which is in itself capable of altering the chemical affinities. I do not think 
that any previous discovery has penetrated so deeply into the mechanics of 
the problem of the genesis of chemical compounds. 

** Let us endeavour to illustrate these points of similarity and dissimilarity 
by means of a picture. Imagine a right-handed and a left-handed screw, each 
driven into a separate but identical block of wood possessing a rectilinear fibre. 
All the mechanical conditions of the two systems will be the same ; but this 
will cease to be the case as soon as the same screws penetrate into blocks which 
are themselves of either right- or left-handed spiral structure. 

“The knowledge that salts of dextro-*and levo-tartaric acid can only 
become possessed of such different properties through the optical activity of 
the base with which they combine, justified the hope that this difference itself 
might be caused by chemical forces which were capable of counteracting the 
mutual affinity of the two acids, and which would thus afford a means of 
splitting racemic acid into its components, Many are the abortive attempts 
which I have made in this direction, but I have at length achieved success 
with the assistance of two new isomeric bases, quinicine and cinchonicine, 
which I can very easily obtain from quinine and cinchonine (Jahresber., 1853, 
473) respectively. 

“TJ prepare the cinchonicine racemate by first neutralising the base and then 
adding as much acid again. The first crystals to separate are perfectly pure 
cinchonicine levotartrate. The whole of the dextrotartrate remains in the 
mother liquour, as it is more soluble ; gradually this also crystallises out, but 
in forms which are totally distinct from those of the levotartrate. It might 
be supposed, indeed, that one was dealing with two entirely different salts of 
unequal solubility.” 


Whilst Pasteur’s first method of decomposing racemoids has proved, 
as we have seen, chiefly of theoretical interest, and has been practi- 
cally used for the resolution of racemoids in only a few instances, his 
second method, depending on the interaction of the racemoid with an 
optically active molecule with the result that the two compounds 
formed from the enantiomorphic components of the racemoid differ so 
widely in respect of solubility as to admit of their separation, has, on 
the other hand, been most successfully employed by a number of 
chemists, and has proved the master key to some of the most remark- 
able organic syntheses which have hitherto been realised. 
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The method admits obviously of twofold application ; first, for the 
resolution of racemoid acids by means of optically active bases, such 
as the natural alkaloids ; and, second, for the resolution of racemoid 
bases by means of optically active acids, such as tartaric acid. It 
would be impossible for me even to enumerate the racemoids which, by 
the application of this principle, have been made to yield up their 
enantiomorphic constituents, and I will, therefore, confine myself to 
citing the two principal series of investigations in which the utili- 
sation of this second method of Pasteur’s has led to the most striking 
results. 

In the whole range of organic chemistry there are probably no 
researches which have excited wider interest, and called forth more 
general admiration, than those which have resulted in the artificial 
synthesis of natural alkaloids by Ladenburg, and those which have 
culminated in the laboratory-made sugars of Emil Fischer. Both of 
these great achievements have largely depended on the successful 
application of Pasteur’s second method of racemoid fission. 

Ladenburg’s synthetic coniine was of necessity a raccmoid destitute 
of optical activity, and thus lacked the last attribute necessary to 
render it identical with the natural alkaloid present in hemlock, but 
by converting the inactive artificial product into the acid tartrate, 
a coniine tartrate was crystallised out from which the active base, 
d-coniine, identical in every particular with the natural alkaloid, was 
recovered (Ber., 1886, 19, 2582 ; Annalen, 247, 85). 

This is to quote but one instance out of many in which this mode of 
procedure led to the desired result in the hands of this investigator in 
the course of his extended researches on alkaloidal bodies. 

In the more recent researches of Emil Fischer on the sugar-group, 
the same principle is repeatedly made use of. Thus, to take a single 
example, the synthetical inactive mannonic acid forms, as it were, 
the centre from which the principal trunk lines of his investigation 
radiate in the most wonderfully symmetrical manner. This inactive 
mannonic acid, by conversion into the strychnine salt, can be separated 
into its active enantiomorphic isomerides, from which by suitable 
transformations, some of which we shall presently see were the outcome 
of other work of Pasteur’s, was ultimately reached the long-sought 
goal of optically active sugars identical with those which have from 
the earliest times been so closely connected with the physiology of the 
organised world. 

It is worthy of notice that this method of racemoid fission has 
recently been ingeniously improved by Marckwald (Ber., 1896, 29, 43) 
in connection with his syntheses of optically active bases. On con- 
verting the racemoid base into the acid dextro-tartrate, the salt of 
one of the components of the racemoid is more insoluble than the 
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other, and this more insoluble one can be easily purified by crystallisa- 
tion, but not so the other, which always remains more or less impure. 
On now, however, converting the original racemoid into the acid /evo- 
tartrate, it is the salt of the other component which is the more insoluble, 
and so this can then be easily purified by crystallisation. Thus in 
this way both components of the racemoid are obtained in a state of 
purity. These relations are rendered more apparent by the following 
diagram : 
Racemoid Base. 


Enantiomorphic component. Enantiomorphic component. 
a (dextro or levo). b (levo or dextro). 


q[es 

eTqnlos er1our 

more soluble 
salt 


Tartaric acid. —————————- levo. 


Hitherto, the separation of the enantiomorphic isomerides of a race- 
moid by interaction with an asymmetric or optically active body has 
only been carried out successfully by combining racemoid acids with 
active bases, and conversely by combining racemoid bases with active 
acids. It might, however, be inferred that this method should lend 
itself to decomposing racemoid acids and racemoid alcohols, by pre- 
paring from them ethereal salts with active alcohols and active acids 
respectively. The attempts to effect a separation by these means have 
so far failed; thus Simon (Bull. Soc. Chim., 1894, [iii], 11, 760—767) 
etherified ordinary inactive lactic acid with active amyl alcohol, but 
obtained no selective etherification, and inasmuch as the product was a 
liquid there was no separation of the optically isomeric ethereal salts. 
I have also, in conjunction with Mr. Price, recently prepared the follow- 
ing salts in which such a separation might quite conceivably have 
taken place : 


Amy] (levo) glycerate (inactive). Amyl (inactive) glycerate (dextro). 
»,  diacetylglycerate  ,, »  diacetylglycerate ” 
»  dibenzoylglycerate ,, »  dibenzoylglycerate am 


No separation was, however, obtained, and this is the more significant, 
as in the case of the amyl (levo) dibenzoylglycerate (inactive) the 
product is beautifully crystalline (Trans., 1897, '71, 253). 

The third and last method of obtaining the resolution of inactive 
racemoids, and which is in some respects the most remarkable of the 
three, is also due to Pasteur, and, as in the case of the first, its dis- 
covery was due to one of those chance occurrences which are only 
observed and seized upon by the eye of genius. It had long been 
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known that impure solutions of calcium tartrate not unfrequently 
become turbid and enter into fermentation during warm summer 
weather, and Pasteur noticed one day that a tartrate solution of his 
had become thus affected ;. now I think there can be no doubt that 
most chemists would under the circumstances have poured the liquid 
down the sink, disgusted that their experiment had thus been spoilt by 
the presence of this impurity. But an interesting problem at once 
suggested itself to Pasteur’s active mind ; how would the two enantio- 
morphic forms composing the racemate be affected by this agency, the 
living ferment? This is his own account of what takes place on sub- 
mitting this question to experimental investigation : 


“On placing the ammonium racemate under the same conditions, it enters 
into fermentation. The same ferment is observed and everything points to 
matters running the same course as in the case of the dextrotartrate. But if 
the progress of the operation be followed with the polarimeter, it soon becomes 
apparent that there is a profound difference between the two experiments. 
The initially inactive liquid becomes perceptibly levorotatory, and this 
rotation gradually increases and attains a maximum. The fermentation is 
then interrupted. There is now no trace of the dextrotartaric acid left in the 
liquid, which on being evaporated and treated with an equal volume of alcohol 
yields a fine crop of crystals of ammonium levotartrate. 

“Two different points in this phenomenon require emphasizing. As in 
every true fermentation, there is a substance which undergoes chemical altera- 
tion, and corresponding with this there is the development of an organism 
belonging to the fungi. On the other hand, and it is just to this that I would 
in the present instance draw your attention, the levo-salt is respected by the 
ferment which causes the destruction of the dextro-salt, and this in spite of 
the absolute identity of the physical and chemical properties of both which 
prevails as long as they are not submitted to asymmetric influences. 

“Here we have then that molecular asymmetry which is peculiar to organic 
matter influencing a physiological process, and influencing it, moreover, by 
modifying the chemical affinities. There cannot be the slightest doubt that 
the single and exclusive cause of the difference between this fermentation and 
that which takes place in the case of the dextrotartaric acid, is the difference 
in the intramolecular arrangement of the levotartaric acid. 

“Thus the conception of the influence of the molecular asymmetry of 
natural organic products is introduced into physiological studies, through 
this important criterion (optical activity), which forms perhaps the only 
sharply defined boundary which can at the present day be drawn between the 
chemistry of dead and living nature.”* (Lectures on Asymmetry.) : 


* The asymmetric nature of living matter was ever present to Pasteur’s mind, 
and he was always ready to discern applications of this fertile idea. Thus many 
years later, in 1886, in commenting on a paper by Piutti on the isomeric asparagines 
tread before the Academy, he calls attention to the fact that one asparagine is sweet 
whilst its optical antipode is insipid, and refers this difference to the different action 
of these two asymmetric isomers on the asymmetric matters present in the tissue 
of the gustatory nerve. (Compt. rend., 1886, 103, 138.) 
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You will notice that Pasteur on this, as on so many other occasions, 
does not confine himself to chronicling the simple fact observed, but 
fitting in, as it does, with a train of thought which has long filled his 
mind, he does not hesitate to give expression to a general principle 
and to indicate its far-reaching importance. We shall see presently 
how the subsequent experience of thirty-seven years has justified the 
conclusions drawn from what might appear such slender and restricted 
experimental data. 

This third method of racemoid fission discovered by Pasteur has 
indeed proved not to be an isolated phenomenon confined to the 
tartaric acids, but an invaluable instrument in experimental science 
of the widest utility, employed as it has been by numerous investigators 
in swelling our knowledge of that aristocracy of chemical compounds, 
which possess, in addition to all the commonplace and vulgar physical 
attributes, the distinctive seal of noblesse—optical activity. 

It would be impossible for me here to attempt to place on record 
even the names of those numerous optically active compounds our 
acquaintance with which is wholly dependent on this subjection of 
racemoids to the selective action of micro-organisms, indeed the 
method seems to be well nigh of universal application in the case of 
all racemoid bodies which are capable of being attacked by these low 
forms of vegetable life, and selective decompositions of this kind have 
been effected both by moulds, by bacteria, and by the saccharomycetes 
or yeasts. 

Some cunfusion concerning the nature of this process appears, 
however, to exist even among chemists who write text-books on 
stereochemistry ; thus in one otherwise excellent treatise on this subject 
is to be found grouped under the same heading, as though closely 
allied, on the one hand the isolation of various active bodies from 
their racemoids by the agency of living organisms, and on the other, 
the production of active bodies by the fermentation of compounds 
already active. Thus there is no necessary connection whatever, for 
instance, between the production of levotartaric acid by the fermen- 
tation of racemic acid and that, for example, of levolactic acid in the 
fermentation of cane-sugar discovered by Schardinger (Monatshefte, 
1890, 11, 545). The two processes would obviously only be com- 
parable if it could be shown that the cane-sugar first yielded 
ordinary inactive lactic acid and that this racemoid was then 
selectively decomposed or fermented with levolactic acid as the 
residue. 

Indeed, in most cases, these selective fermentations have been very 
imperfectly studied, not only are we in general left wholly in the 
dark as to the nature and purity of the ferment employed, but there 
is no evidence as to whether the micro-organism only decomposes one 
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enantiomorphic isomeride more rapidly than the other, or whether it 
leaves one entirely intact. 

Even in the case of Pasteur’s original discovery of this remarkable 
process, he unfortunately gives no description of the organism, although 
it appears to have been a species of Penicillium, but it is difficult to 
ascertain from his account whether the organism attacked the levo- 
tartaric at all or only with more difficulty than the dextro-compound. 

The great value of this method depends on the possibility of 
applying it to racemoids of such widely different types, if suitable 
microbes can be found for the purpose. Thus of the three available 
classes of micro-organisms, the moulds are the most catholic in their 
tastes, decomposing by way of oxidation suitable solutions of alcohols 
both mono- and poly-hydric, hydroxy-acids, and carbohydrates ; this 
catholicity of taste, however, renders them less certain as selective 
agents and leads to their effecting the simultaneous oxidation of both 
enantiomorphic isomerides ; the yeasts, on the other hand, appear to be 
only available for the decomposition of the aldoses and ketoses, 
whilst various forms of bacteria have been found to ferment poly- 
hydric alcohols, hydroxy-acids, and the several types of the carbo- 
hydrates. 

Enantiomorphism being, as Pasteur pointed out, the closest approach 
to identity which can exist between two molecules, and as this minute 
difference is quite sufficient for two such molecules to be in many cases 
quite differently affected by micro-organisms, it is surely not surprising 
that isomerides which are less closely related than such enantio- 
morphic ones should also often present wholly different obstacles to 
microbial decomposition. This has actually been found to take place 
by those who have systematically studied the action of particular 
fermenting organisms on fermentable isomerides. A good example of 
this is furnished by the structurally identical but confguratively 
different hexahydric alcohols, mannitol and dulcitol,* for which it has 
been shown that some micro-organisms will ferment mannitol but not 
dulcitol, whilst others will ferment both isomerides; on the other 
hand, so far as I am aware, no microbe is known which ferments 
dulcitol but not mannitol. What is, however, particularly remark- 
able in connection with these phenomena is that the configurative 
difference between two such isomerides as mannitol and dulcitol may 
be of far greater importance as regards their behaviour towards 
micro-organisms than much more profound changes in molecular 
structure, thus an organism which ferments mannitol, but not the 
closely allied dulcitol, may yet be quite capable of attacking the far 
more remotely related glycerol. 


* Percy Frankland and Fox; P. Frankland and Stanley ; P. Frankland and Frew, 
Proc. Roy. Soc., 46, 345 ; Trans, 1891, 253 ; 1892, 254. 
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More recently, this interesting connection between configuration 
and fermentability has been investigated with reference to the sugars 
and their decomposition by yeasts (Emil Fischer and Thierfelder, Ber’., 
1894, 27,2031). The results, so far as they are at all comparable with 
those to which I have just referred, confirm them in a remarkable 
manner, inasmuch as of the two sugars so closely related to mannitol 
and dulcitol, namely, d-mannose, and d-galactose, the d-mannose is 
found to possess a configuration of its molecule which admits of much 
more ready fermentation by yeasts than does the configuration of the 
d-galactose molecule so closely related to the dulcitol molecule which, 
as I have pointed out above, is so much more refractory to bacterial 
decomposition than the mannitol. 

Another interesting and very suggestive result arrived at in these 
investigations by Emil Fischer and Thierfelder, is, that only those 
hexoses are fermentable by yeast which have a configuration very 
closely resembling that of ordinary grape-sugar, thus : 


CH,*OH 
| 
HO-(C)-H 


d-Glucose. d-Mannose, d-Galactose. 
(Grape-sugar. ) 


It will be seen that the configuration of d-mannose and of d-galactose 
respectively only differ from that of d-glucose in the transposition of 
a single group. 

We have already seen that Pasteur clearly indicated, 37 years ago, 
that this phenomenon of selective fermentation doubtless depended on 
the dissimilar interaction of asymmetric bodies contained in the living 
cells, with the asymmétric molecules of the two isomerides, and this 
explanation of the essential mechanism of the process has recently 
been strikingly confirmed by the investigations of Emil Fischer (Ber., 
1894, 27, 2985, 3479) on the action of enzymes. The action of 
these enzymes, which are certainly themselves asymmetric, is shown 
by Fischer to be dependent on the configuration of the compounds 
which they hydrolyse ; thus, to take, perhaps, the simplest example of 
their selective action on glucosides and polysaccharates : 
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CH,0-C-H 
J CH-OH 
°. GH-OH 
CH 
CH-OH 
CH,:OH 


There are found to be two isomeric methylglucosides, for which the 
above formule have been respectively proposed, and of these the 
a-methylglucoside is decomposed by invertase, whilst B-methylglucoside 
remains unaltered. 

Thus the phenomenon of the selective decomposition of asymmetric 
bodies by living organisms is still more clearly attributable to the 
action of asymmetric reagents, now that similar selective phenomena 
exhibited by the soluble ferments or enzymes is found also to be regu- 
lated by the asymmetry of the compounds on which they act. 

A few weeks ago, E. Buchner (Ber., 1897, 30, 117) announced that 
a soluble principle* giving rise to the alcoholic fermentation of sugar, 
may be extracted from yeast, and for which the name zymase is pro- 
posed ; should this highly interesting observation prove to be correct, 
and there appears to be no reason to doubt its accuracy, the phenomena 
of fermentation will obviously be brought still more closely and un- 
mistakably into line with those attending the chemical interaction of 
asymmetric molecules. 


Transformation of Tartaric Acids. 


The three methods of racemoid resolution discovered by Pasteur have 
thus, not only constituted almost the exclusive machinery by means of 
which the list of optically active compounds have been extended, but 
they have been the means of disclosing one of the most important 
types of chemical reaction, namely, that in which two asymmetric 
compounds enter into reaction with each other, But there were other 
remarkable changes which Pasteur discovered in connection with the 
tartaric acid molecule, and in the due appreciation of which he was 
30 years in advance of the time. These discoveries, after remaining 
almost unheeded for a generation, have quite recently proved of ex- 
traordinary fertility, and their skilful application has led to some of 
the most important developments. 

Already in 1853 (Annalen, 88, 212), Pasteur found that ordinary 
dextrotartaric acid, on being heated with water, or in the form of its 

* It is worth mentioning in this connection that Schunck had obtained true 


alcoholic fermentation by means of erythrozyme, a substance present in extract of 
madder and precipitable from the latter by dilute hydrochloric acid. See Liebig, 


Ann. Chim. Phys., 1871, [iv], 23, 35. 
VOL. LXXI. 3B 
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cinchonine salt, underwent a partial change, and that after being sub- 
jected to this treatment, there were present, in addition to unaltered 
d-tartaric acid, some racemic acid and a new form of tartaric acid, 
which resembled racemic acid in being inactive to polarised light, but 
differed from racemic acid in not being decomposable into left and 
right-handed tartaric acids. Thus this simple mode of procedure ac- 
complishes the double feat of transforming dextrotartaric acid into 
levotartaric acid, and of producing a fourth kind of tartaric acid, 
which, whilst inactive, is yet quite distinct from racemic acid, inasmuch 
as it does not admit of resolution into enantiomorphic isomerides. 

It is this mode of transformation which has been applied with such 
brilliant results by Emil Fischer, in whose hands this artifice has 
proved invaluable in the exploration of the sugar-group. 

A glance at the following table will convey the best idea of the réle 
which this method of transformation, discovered by Pasteur, has played 
in the researches of Emil Fischer.* (Ber., 1894, 27, 3189—3232). 


d-Mannose. d-Glucose. : d-Gulose. d-Idose. 


d-Mannonic acid. d-Gluconiec acid. d-Gulonie acid. d-Idonic acid. 
COOH COOH COOH COOH 


H0-(0)-H H-(©)-01 HO:(C)-H 
| 

HO:(C)-H HO-(C)-H HO-(C)-H 
| 


H: ‘OH H*(C )*OH H° “OH 


H-(C)-OH H:(C):OH HO-(C)-H 
l l ] 
CH,*OH CH,*OH CH,*OH CH," 0H 


emipinantaniaiy tidbit tainencbectiindunntie >t 
Quinoline or pyridine Quinoline or pyridine 
reaction. Oxidation and reaction. 
reduction. 


* In this diagram the transformations indicated as ‘‘ quinoline or pyridine 
reactions ” are precisely similar in their nature to that discovered by Pasteur in the 
case of tartaric acid, consisting as they do of a rearrangement of the H and HO 
groups attached to the asymmetric carbon atom which is attached to the COOH 
group in each case. 

+. This transformation has not actually been carried out for the d-acid, but the 
corresponding one for the /-acid has been effected. 
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d-Galactose. 


d-Galactonic acid. 
COOH 
| 


H-(C)-OH 


i a 


| 
HO*(C )-H 


H:(C)-OH 


d-Talose. 


d-Talonic acid. 


COOH 
H0-(6)-H 
HO: C *H 
HO*(C)*if 


| 
H:(C)-OH 


Mucie acid 
(inactive. ) 


COOH 


l 
H-(C)-OH 


HO*(C )*H 


H0-(0)t 


H*(C)*OH 
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Allomucie acid 
(inactive). 


COOH 


] | 
CH,*OH CH,OH COOH COOH 
———_—___—__—____—__=)> mini — 
Quinoline or pyridine Quinoline or pyridine 
reaction. reaction. 


Researches on Malic Acid and its Derivatives. 


The tartaric acids and their derivatives were, however, not the only 
optically active compounds to which Pasteur directed his attention, 
for as early as 1852 (Annalen, 82, 331; Ann. Chim. Phys. [iii], 38, 
141, and 49, 8) malic acid and its compounds, together with aspartic 
acid (Ann. Chim. Phys., [iii], 34, 30), were also brought within the 
scope of his investigations. 

A short excursion into these researches on malic acid is particularly 
instructive, for whilst in the case of the tartrates not only the facts 
but also the explanations given by Pasteur have, broadly speaking, 
stood the test of time, in the case of the malates his theoretical 
conceptions were, in part, soon shown to be in conflict with the truth. 

Throughout Pasteur’s investigations on optically active compounds, 
he was possessed with the idea that the molecular dissymmetry which 
is betrayed in this optical effect could only be produced by vital 
agency, in fact he was never tired of insisting on the indissoluble 
connection between asymmetry and life. The weighty considerations 
which had led him into and strengthened him in this conviction are 
apparent from the following words of his own: 


“Take any asymmetric body you like, and you may be sure that its 
asymmetry will disappear as soon as you expose it to only moderately energetic 
chemical reactions. Thus tartaric acid is asymmetric. Pyrotartaric acid * is 
not ; malic acid is asymmetric whilst maleic and fumaric acids discovered by 
Pelouze are not, Gum is asymmetric, mucic acid is not. 

“Thus the artificial bodies are devoid of molecular asymmetry, and I know 
of no profounder difference than this between ordinary bodies and those 
which are produced under the influence of life.” (Lectures on Asymmetry.) 


* Ordinary pyrotartaric acid, CHy*(C)H(COOH)*CH,*COOH, is now known to 
be a racemoid and has recently been resolved by Ladenburg (Ber, 1895, 28 1170) by 


crystallisation of the strychnine salt, 


3B 2 


704 FRANKLAND: THE PASTEUR MEMORIAL LECTURE. 


These views received a rude shock when, soon after 1850, Dessaignes 
announced that he had obtained aspartic acid by heating the ammonium 
salts of fumaric and maleic acids. This statement was as incompatible 
with Pasteur’s theories as was the memorable announcement of Mit- 
scherlich concerning the identity of the sodium ammonium salt of 
racemic and tartaric acids, for if M. Dessaignes’ facts were correct they 
would mean that he had accomplished what Pasteur firmly believed to 
be unrealisable, the preparation by chemical means of an optically 
active molecule from an inactive one. Of such pressing importance did 
the settlement of this doubt appear to Pasteur, that, with his usual 
restless energy, he at once hastened from Strassburg to Vendéme and 
obtained from Dessaignes a specimen of his artificial aspartic acid, which 
he had no difficulty in showing was not really identical with the natural 
aspartic acid, but only an inactive isomeride. This inactive aspartic 
acid he also converted by the well-known method of Piria into malic 
acid, and this malic acid he found, in accordance with his anticipations, 
differed from the natural one in being inactive to polarised light. The 
comparative study of the active and inactive malates he found a far more 
perplexing task than had been the similar investigation of the tartrates, 
for whilst in some cases the hemihedrism of the active malates was 
sufficiently apparent, in others it was much obscured or even entirely 
absent, the forms being sometimes absolutely identical with those of 
the inactive compounds.* Notwithstanding, Pasteur remained in- 
flexible as to the relationship between the two malic acids, placing his 
whole confidence in optical activity being the outward and visible sign 
of the inward, molecular asymmetry, and dismissing the appearance of 
hemihedrism in crystalline form as a criterion of altogether secondary 
importance. Thus his mental attitude is most concisely revealed by the 


following extract :— 


“Who could, after this, be in any doubt concerning the relationship between 
the molecular arrangements present in these two salts (the calcium salts of 
active and inactive malic acids)? Is it not perfectly clear that in the case 
of the inactive malic acid we have an acid identical with the natural malic 
acid, but with a suppression of the molecular asymmetry ? 

“Tt isthe untwisted natural malic acid, if I may so express’ myself. If the 
atomic arrangement of the natural acid be represented by a spiral staircase, 
then the artificial malic acid is the same staircase with the same steps, but 
straight instead of spirally disposed. 

“Tt might be asked whether the new malic acid is not the para-acid of this 
series, that is, the compound of the dextro- and levo-malic acid. But of that 


* The presence of hemihedrism is now ascertained by means of ‘‘ etching-figures,” 
and, according to H. Traube, all the crystals of optically active substances which 
have been thus examined by etching exhibit hemihedrism, and all apparent de- 
partures from Pasteur’s original principle have, so far, disappeared on being submitted 


to this test. (Ber., 1897, 30, 288.) 
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there is only very little probability, for in that case not only would one active 
body have been made from an inactive one, but there would have been two 
such prepared, one dextro- and the other levo-rotatory. 

“ Moreover, I have similarly found that just as there is a non-asymmetric 
inactive malic acid, so there is a non-asymmetric inactive tartaric acid, which 
is very different from racemic acid, and which cannot be resolved into a 
dextro- and a levo-rotatory tartaric acid. There canno longer be any doubt 
that this is a dextro- or a levo-rotatory tartaric acid which has become non- 


asymmetric. 
“Similarly, I have discovered the inactive amyl alcohol, from which a whole 
series of inactive products can be derived which correspond to the series 


derivable from the active amyl alcohol. 

“Thus, thanks to the discovery of these inactive bodies, we are in possession 
of a fruitful idea ; a substance is asymmetric, dextro- or levo-rotatory, but by 
certain processes of isomeric metamorphosis, which must be sought and dis- 
covered for each particular case, the substance can lose its molecular asym- 
metry, it can untwist itself, to use a gross simile, and can arrange its atoms in 
such a fashion that it becomes superposable with its mirror-image. In this 
manner every asymmetric body affords four variations, or better four distinct 
subdivisions ; the dextrorotatory body, the levorotatory body, the compound 
of the dextro- and the levo-rotatory bodies, and the body which is neither 
dextro- nor levo-rotatory, nor formed by the union of these two.” (Lectures 
on Asymmetry.) 


At the present day, it is, of course, easy to detect the errors committed 
by Pasteur in the above discussion, and it is particularly instructive to 
notice how he was only deterred from grasping the truth in its entirety 
through too obstinate adherence to a single preconceived idea. Thus, 
had Pasteur only kept his mind open to the possibility of building up 
an asymmetric molecule artificially, he would have naturally recognised 
the inactive malic acid in its true character, namely, as the analogue of 
racemic acid, instead of inventing a new class of bodies for its reception. 
This new class of bodies, which was entirely the creation of Pasteur’s 
imagination, included substances isomeric with asymmetric bodies but 
in which the asymmetry was abolished by a rearrangement of the atoms, 
and this class of bodies, which he had imagined to erroneously meet the 
case of inactive malic acid, he subsequently discovered the real existence 
of when he actually obtained truly inactive or mesotartaric acid. Pasteur 
had thus, in the very act of putting this wrong interpretation on inactive 
malic acid, made a most impertant addition to the theory of asymmetric 
compounds by postulating the existence of this fourth type of isomer 
for asymmetric compounds, namely, that in which the compound is 
neither dextro- nor levo-rotatory nor yet formed by the union of these. 
This theoretical conception he subsequently, as we have seen, placed 
upon a sound experimental basis by the actual discovery of mesotartaric 
acid. I need hardly remind you that this fourth type does not exist 
for every asymmetric compound, as was erroneously supposed by 
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Pasteur, but only for those which, like tartaric acid, the tetra- and 
hexa-hydric alcohols, and the hydroxy-dibasic acids, can, by a suitable 
stereometric arrangement of the groups, have their molecules divided 
into two symmetrical halves, the optical effect of the one-half neutral- 
ising the optical effect of the other within the molecule. 

Thus we have easily intelligible instances of true inactivity in 


CH,*0H COOH 
| 
H-(C)-OH H:(C)-OH 
| 


HO:(C)*H HO: *H 
HO: *H HO: ‘H 
u-()-0n u-()-0n 
OH,-OH boon 
Dulcitol. Mucic acid. 


whilst especially interesting in this connection are the four stereo- 
isomeric trihydroxyglutaric acids, two of which are active and two 
truly inactive: 


COOH  tepaiee COOH ‘ace 


l l 
- H-(C)-0Hn HO:(C)H+ ~ ~H-@)-0n H-(C)-OH - 
] 
HOCH H°C:OH (a): y= 
: HO © H H 
= i aes +H-(C)‘OH H:(C)*0H + 
COOH COOH 


| 
COOH COOH 
levo- dextro- ‘ 
Sg xylo- ribo- 


at 


trihydroxyglutaric 


Wee sg trihydroxyglutaric 


acid. 
(Inactive. ) 


Before leaving the subject of malic acid, it is worthy of note that 
it is in connection with this acid that undoubtedly one of the most 
important discoveries relating to optically active bodies has been made 
since the time of Pasteur; I refer to the remarkable transformation of 
levomalic acid into dextromalic acid, and vice versd, through the 
medium of the corresponding chlorosuccinic acids which has been 
accomplished by Walden (Ber., 1896, 29, 133). 

L-malic acid —> d-chlorosuccinic acid -—> d-malic acid 
Re » <Jl-chlorosuccinic acid < __,, i. 


The dogma that asymmetric bodies cannot be artificially prepared, 
led Pasteur into some abstruse speculations concerning their produc- 
tion in nature, which have hitherto only received negative illumination 
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from direct experiment. He points out that it is necessary, and quite 
sufficient, to suppose that at the genesis of a vegetable organism some 
asymmetric force must be in operation, and suggests that light, elec- 
tricity, magnetism, and heat may be subject to asymmetric influences 
of a cosmic nature. Are these, he asks, perhaps connected with the 
motion of the earth, or with those electric currents by means of which 
physicists explain the magnetic poles of the earth? Atany, rate either 
asymmetric forces are wanting in our synthetical reactions, or they 
are without infiuence on the latter, possibly in consequence of the 
rapid course of such chemical changes. 

Nor did Pasteur simply propound these questions, but, on the con- 
trary, the great master of the experimental method undertook a bold 
campaign into this highly speculative domain, from which, however, 
he soon deemed it more prudent to retreat, doubtless realising that his 
intellectual forces might be more advantageously employed in other 
directions than in a territory where only negative victories were to be 
won. Thus at Strasburg he actually had powerful magnets con- 
structed with a view to introduce dissymmetric influences during the 
formation of crystals. At Lille, again, in 1854, he had a clockwork 
arrangement made with which he intended, by means of a heliostat 
and reflector, to reverse the natural movement of the solar rays striking 
a plant, from its origin to its death, so as to see whether in such an 
artificial world, in which the sun rose in the west and set in the east, 
the optically active bodies would not appear in forms enantiomorphic 
with those which the existing order of nature provides. Pasteur, 
however, soon realised, doubtless instructed by his experience gained 
in other voyages of discovery on which he had already embarked, that 
the task of turning the Creator’s universe upside down was even beyond 
his experimental skill, recognising that, however he might reverse 
these external influences, he would still have to deal with the asymmetric 
agencies already present with all their irresistible, albeit latent, power, 
in the germ of life itself, and that, without the possibility of spontaneous 
generation, there was also no possibility of realising this dream of a 
‘new living world with its plants and animals producing the optical 
antipodes of the natural celluloses, albumens, starches, sugars, ter- 
penes, &c., for the edification of the stereochemical philosopher. 

Similar abortive attempts have been more recently made by other 
investigators. Thus, Boyd (Dissertation, Heidelberg, 1896) prepared 
stilbene bromide in a powerful magnetic field, but only obtained the 
ordinary compound. Again, he found that the mandelic acid obtained 
by the reduction of benzoylformic acid in a magnetic field was inactive, 
nor was an active mandelic acid obtained either by effecting this 
reduction in the presence of dextrotartaric acid, or of levomandelic 
acid. 
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The dogma of the impossibility of producing asymmetric compounds 
by our existing synthetical methods was, however, discredited within 
a few months after its enunciation by Pasteur in the terms which I 
have just quoted, for in 1860 a discovery of far-reaching importance 
was made in this country by two investigators, of whom one unfortu- 
nately lives only in the annals of our science, and in the memory of 
those who had the privilege of knowing his singularly attractive per- 
sonality, whilst the other is still in the front rank of our society 
militant, his zeal for research being of that rare order which is unim- 
paired even by a long series of successes achieved over a period of 
more than a generation. It was in 1860 that’ Perkin and Duppa pre- 
pared from succinic acid a tartaric acid which Pasteur himself identified 
as racemic acid, so, to use the words employed by Pasteur before, the 
synthesis had thus been accomplished not only of one, but actually of 
two asymmetric molecules. 

Had Pasteur only slightly modified the terms of enunciation of the 
dogma, it might indeed stand unchallenged still, for the feat even now 
remains unaccomplished, saving by the agency of life alone, of building 
up from symmetric materials a single asymmetric molecule, without at 
the same time building up an equal number of asymmetric molecules 
enantiomorphic with the first, that is, the direct synthesis of an 
optically active compound is still a dream of the future. Indeed, the 
relationship between optical activity and life is closer than was pro- 
bably suspected even by Pasteur, and optically active compounds may 
actually be compared with living organisms, for just as when we have 
once got life there is nothing more easy than to convert inanimate 
into living material, indeed the great difficulty of modern times is 
to check the prodigality of such conversion, so if we have once got an 
active compound we can not only attach inactive matter to it rendering 
the new substance active as a whole, but the part added may itself 
become active, and the qualitative activity of the added part will 
depend on the qualitative activity of the body which has activated 
it, just as the nature of the offspring is conditioned by the nature of 
the parent. The doctrine of heredity is in fact applicable with absolute 
rigidity to the reproduction of asymmetry. This will be evident from 
a concrete example, 

Thus mannose by means of the cyanhydrin reaction can be converted 
into mannoheptonic acid, in which a new asymmetric carbon atom has 
been created, and around which, therefore, the four different groups 
can be arranged in two different ways, so as to give rise to two isomeric 
acids. Each of these, it might be supposed, would have an equal chance 
of formation by artificial synthesis, but, as a matter of fact, as Emil 
Fischer has shown, one of these is exclusively formed ; the new active 
compound, therefore, has had its particular asymmetry impressed upon 
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it by the asymmetry of its parent (E. Fischer, Ber., 1894, 27, 3210 ; 
1889, 22, 370 ; Hartmann, Annalen, 1892, 272, 190). 


CoH 
HO-(C)-H 
HO-(C)-H 

© should 

H:(C)-0H _ sive “7 and oO 
H-(C)-0H H:(C)"OH n-@)-on 


CH,OH ale 
d-Mannoee. H r OH 


CH,"0H CH,"0H 


— 

Two d-mannoheptonic acids, of which 
one is exclusively formed.—[N.B. The 
newly created asymmetric carbon atom 
is represented in black-faced type.] 


In making the above remarks as to the hitherto unaccomplished 
achievement of building up an optically active substance without the 
agency of life, I must, in passing, refer to the startling announcement 
recently issued by Dr. John Pickering (Proc. Roy. Soc., 1896, 60, 337) 


that he has succeeded in synthesising from inactive materials certain 
proteid-like substances possessing a high rotatory power. These com- 
pounds are obtained by heating together such substances as metamido- 
benzoic acid, biuret, and phosphorus pentoxide ; again, metamidobenzoic 
acid, alloxan, and phosphorus pentoxide ; and again, paramidobenzoic acid 
and phosphorus pentachloride. Now, although numerous experiments of 
a physiological character have been made with these products, the author 
is apparently wholly oblivious of the fact, assuming his observations to 
be correct, that he has made a chemico-physical discovery of the first 
order. Dr. Armstrong has been kind enough to give prominence in the 
columns of Nature to the epoch-making nature of this discovery, and to 
ask for further particulars, but the author is apparently so absorbed 
with the importance of the physiological side of his observations that 
he has not yet found time to take any notice of the interest which his 
researches have excited in the chemical world. 

This is, in outline, the work of Pasteur in the domain of pure chemistry 
and molecular physics ; as an example of the combination of rare experi- 
mental skill and precision with consummate deductive power, it stands 
out, I think, as one of the most remarkable and artistic monuments in 
the annals of our science. This work, begun, continued, and ended 
within the period extending from 1844 to 1860, is an achievement on 
which an investigator might look back with pride at the close of a life- 
time, and yet, on its completion, Pasteur stood only on the threshold of 
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his great career. It has been my endeavour to show how Pasteur’s work 
in this special field forms, not only the foundation, but nearly the whole 
of the framework on which that great structure of stereochemistry has 
been subsequently raised. The point at which he left this investigation 
of the phenomena of asymmetry was almost the ultimate limit to which 
this study could at that time be profitably carried, and for further pro- 
gress it was necessary that those gigantic labours in revealing the 
structure and constitution of chemical molecules, which were the 
dominant feature of the development of our science during the greater 
part of the past thirty years, should be carried out. It was only after 
such knowledge of chemical constitution had been gained that that 
progress in stereochemistry which is associated with such names as 
Wislicenus, Le Bel, Van’t Hoff, Baeyer, Emil Fischer, and many others, 
could take place. But great as that progress has been, it only serves to 
emphasize the more the extraordinary completeness of Pasteur’s pre- 
liminary exploration of the field. To quote the words recently 
pronounced by Emil Fischer, “If we look back to-day on this wide 
domain, we are forced to admit that, notwithstanding the large number 
of new observations, and notwithstanding all the advances in detail 
that have been made, there is hardly a new fact of fundamental import- 
ance which has been added to his discoveries.” 

Pasteur’s chemical work was commenced, as we have seen, when he 
was assistant to M. Balard at the Ecole normale in Paris, but already, 
in 1848, he was appointed Professor of Physics, at the age of 26, 
at the Lycée at Dijon, and three months later he was called to act as 
Deputy-Professor of Chemistry at the University of Strasburg, suc- 
ceeding to the chair there in 1852. It was here that he met his future 
wife, the daughter of M. Laurent, Rector of the Strasburg Academy ; 
they were married in 1850, and it is related how Pasteur was so 
engrossed in his laboratory that he entirely forgot the wedding-day and 
had to be fetched for the ceremony by one of his friends. The marriage 
was, however, an unusually fortunate and happy one, as will be evident 
from the following description given by one who had the privilege of 
being for years the collaborateur (Roux, Agenda du Chimiste, Paris, 
1896) of the great master. 


“The career of Pasteur cannot be properly understood without a knowledge 
of his family and above all of Mme. Pasteur. From the first days of their 
united life, Mme. Pasteur realised what manner of man she had married, and 
endeavoured to protect him from the difficulties of life, taking upon herself 
the cares of the house, so that he might keep his mind perfectly free for his 
researches. Mme. Pasteur loved her husband to the extent of understanding 
his labours. In the evening she wrote to his dictation, asking for explanations, 
for she took a living interest in the hemihedral facets and in the attenuated 
viruses. Moreover, she saw well that ideas become clearer through exposition, 
and that nothing is more conducive to the suggestion of new experiments than 
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the’description of those which one has just carried out. Indeed, Mme. Pasteur 
was not only a perfect companion to Pasteur, she was his best assistant.” 


Studies on Fermentation. 


A new chapter in Pasteur’s life opens with the year 1854, when, at 
the age of 32, he was nominated the first Dean of the Faculty of Sciences 
which had just been created at Lille. In this capacity he at once 
realised that the work of his department should, to some extent, be 
brought into touch with one of the leading industries of the district— 
the manufacture of alcohol from beetroot and grain—and he accordingly 
offered courses of lectures on fermentation, and with his characteristic 
energy threw himself into the serious study of this subject. 

I will not trespass on your time by passing even in the briefest 
review the history of the progress made in the knowledge of fermenta- 
tions before the subject was attacked by Pasteur ; suffice it to say that 
at this time fermentation processes were not generally regarded as vital 
phenomena at all, for the dominant opinion concerning them was that 
of Liebig, who viewed the classical transformation of sugar into alcohol 
as a purely chemical process depending, not on the living yeast cells 
which the microscope had revealed, but on the dead yeast undergoing 
post-mortem decomposition : 

“ Beer yeast, and, in general, all animal, and vegetable matters in 
putrefaction, impart to other bodies the state of decomposition in which 
they are themselves. The movement, which by the disturbed equi- 
librium is impressed on their own elements, is communicated also to the 
elements of bodies in contact with them.” 

Pasteur had been indirectly brought in contact with fermentation 
phenomena in the course of his researches on asymmetry, for amongst 
the optically active compounds known at the time, was the amy] alcohol 
which is obtained as a by-product in a number of fermentations. 
In his examinations of this compound and its derivatives (Compt. rend., 
41, 296; Annalen, 1855, 96, 255), he found, it may incidentally be re- 
marked, that none of the crystallisable substances exhibited hemihedral 
faces. The manner in which the study of this amyl alcohol launched 
Pasteur into the investigation of fermentation phenomena with a pre- 
conceived idea opposed to Liebig’s doctrine, is clearly set forth in his 
own writings. Liebig’s theory would obviously interpret the optical 
activity exhibited by amyl alcohol as conditioned by the asymmetry of 
the sugar from which it is derived in the fermentation process, but 
Pasteur distinctly states that he considers the molecule of amyl alcohol 
to be too remotely related to that of sugar to have preserved the dis- 
symmetry of the latter. The dissymmetry of the amyl alcohol must, 
therefore, be a new creation, so to speak, and such creation of an asym- 
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metric molecule was, in Pasteur’s opinion, as we have seen, only pos- 
sible by the intervention of life. It would follow, then, almost as a 
necessary corollary, that the fermentation in which the amyl alcohol 
had been formed must be a vital process, and not the purely chemical 
transformation which Liebig would have us believe it to be. We have 
seen what a tremendous power a preconceived idea, even though a par- 
tially erroneous one, proved in the hands of Pasteur in the case of 
his investigations on molecular dissymmetry, we must now follow the 
consequences which resulted from such a preconceived idea in the 
domain of fermentations. 

In 1857, Pasteur (Ann. Chim. Phys., [iii], 52, 404) brought before 
the scientific world the results of his researches on the lactic fermen- 
tation, the first of that series of masterly investigations which he was 
to pursue during the next 20 years. In 1860, this was followed by a 
paper (Ann. Chim. Phys., [iii], 58, 323) on the alcoholic fermentation. 

In the lactic fermentation, Pasteur noticed that a greyish, solid 
material was deposited, and that the quantity of this increased during 
the process ; on examining some of this substance under the micro- 
scope, he found that it consisted of very minute corpuscles, rod-like 
in shape and quite distinct from the yeast cells observed in the alco- 
holic fermentation. He took a trace of this grey material and intro- 


duced it into an artificial solution of sugar, to which he had added 
some decoction of yeast and chalk, and soon had the intense satisfac- 
tion of witnessing the lactic fermentation in full activity in this liquid. 
From this fermenting liquid he transferred again a minute trace into 
another similar solution of sugar and so on, invariably obtaining the 
same fermentation, invariably finding, also, the same corpuscles in the 


deposit. 

Pasteur, however, at once realised that Liebig and his supporters 
might attribute the fermentative change in the sugar to the decompo- 
sition of the albuminoids present in the decoction of yeast employed in 
his experiments, and he therefore determined to cut off this retreat, 
which through its inaccessibility had so long sheltered Liebig’s theory, 
which, destitute as it was of any sound foundation, could not have 
survived, even for a day, if exposed to the direct fire of experimental 
criticism. To this end, Pasteur entirely abolished the albuminoids in his 
fermentations, replacing them by ammonium salts, and in these solu- 
tions of pure sugar, with nothing but mineral additions, he demon- 
strated that the yeast grew and multiplied, and that its growth was 
accompanied by the conversion of the sugar into alcohol and carbonic 
anhydride, whilst, similarly, those totally distinct living corpuscles, to 
which he gave the name of lJevwie lactique, proliferated in solutions of 
the same composition, and their multiplication was accompanied by the 
transformation of the sugar into lactic acid: 
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“ As for the interpretation of the group of new facts which I have met with 
in the course of these researches, I am confident that whoever shall judge 
them with impartiality will recognise that the alcoholic fermentation is an act 
correlated to the life and to the organisation of these corpuscles and not to 
their death or their putrefaction, any more than it will appear as a case of 
contact action in which the transformation of+ the sugar is accomplished in 
the presence of the ferment without giving or taking anything from it.” 


It is the firm conviction in Pasteur’s mind of the dependence of the 
fermentative process on the life of the organism, and his repugnance 
to the shallow form of words dignified by the name of theory, and 
which simply served to cloak the chemical ignorance of the time con- 
cerning these mysterious phenomena of fermentation, that obviously 
acted as the stimulus in these extraordinarily comprehensive and 
laborious researches, for both his memoirs end with the same words 
quoted above, as though he enjoyed hearing the sound of the hammer 
on the last nail knocked into the coffin of the dogma which had by so 
many years delayed the scientific prosecution of the study of fermen- 
tations on the vitalistic lines inaugurated by Cagniard Latour and 
Schwann. 

The amount of new experimental material collected by Pasteur in 
support of this thesis fills the reader with admiration, whilst his extra- 


ordinary power of seeing what others had failed to observe before him, 
is again exemplified in his discovery of succinic acid* and glycerol as 
invariable products of the alcoholic fermentation of sugar. 

During the progress of these fermentation researches, an important 
event had occurred in Pasteur’s life, for the year 1857 witnessed his 
removal from the provincial Lille to the metropolis of France, in the 


palmiest days of the Second Empire. His advancement to the post of 
director of scientific studies at the Ecole normale in Paris was, how- 
ever, not an unmixed advantage to Pasteur, as it deprived him of that 
which he most valued—a scientific laboratory. Nor did there seem to 
be any prospect of obtaining one, as the French Government of forty 
years ago appears to have been on much the same level of enlighten- 
ment as our own rulers of both parties to-day, in fact one of the 
ministers publicly informed Pasteur that the Budget could not provide 
him with the sum of 1500 francs (£60) a year for experimental re- 
searches. Looking back upon the political events of the past forty 
years, it may safely be asserted, I think, that had that ministry and its 
successors up to 1870 devoted more of their annual Budget to such and 
similarly solid enterprises, and less to the hollow and wasteful display 
of a sham militarism, the France of to-day might have been still in 
possession of the fair provinces it cost her such a pang to surrender. 


* It is true that Schmidt had found succinic acid in all fermented liquids already 
in 1848. See Liebig, dan. Chim. Phys., 1871, [iv], 23, 35. 


pa Fa a ree ee SS ee SERPS SS A SS Sg Se ee 


Seraag 


= reer a eereas 


714 FRANKLAND: THE PASTEUR MEMORIAL LECTURE. 


The experimental zeal of Pasteur was not, however, of that order 
which can be strangled by red tape, and the laboratory which the 
nameless :and long-since-forgotten minister would not concede was 
constructed at Pasteur’s private expense in a garret of the Ecole 
normale. 

In the course of the studies on fermentation which now followed, 
Pasteur made a discovery which, in respect of its wide and fundamental 
significance in relation to the economy of nature, is perhaps without an 
equal amongst his numerous and great achievements. Moreover, the 
manner in which this discovery was made affords another illustration 
of his penetrating scrutiny of the smallest detail in the phenomena 
which passed before him. It was in studying the butyric fermentation 
that he took, as was his wont, a drop of the fermenting liquid, and 
examined it in the thin film obtained by mounting on slip and cover- 
glass under the microscope ; but on this occasion he was struck by the 
fact that, along the periphery of the drop, wherever it was in contact 
with the air, the bacilli appeared motionless and inert, whilst the bacilli 
in the central portion of the drop were executing those remarkable 
movements which form one of the most fascinating spectacles which 
the microscope provides, The question at once arose in Pasteur’s mind, 
were these vibrios in the centre fleeing from the oxygen at the peri- 
phery, and had the latter paralysed the activity of those which had 
been brought in contact with it? There was nothing more easy than 
to interrogate them on the subject, by passing a stream of air through 
a flask containing a liquid in butyric fermentation ; nor had he long to 
wait for the answer, for the fermentation soon slackened and was ulti- 
mately arrested. (Compt. rend., 1861, 52, 346). 

Thus was science enriched by the revelation that there exist living 
forms which grow, multiply, and develop mechanical energy in the 
absence of that oxygen which it had hitherto been regarded as one of 
the most far-reaching discoveries to have shown was indispensable for 
the whole living creation. Moreover, this remarkable life was actually 
shown to be either destroyed or paralysed by the very element on the 
presence of which all life was supposed to depend. 

We have seen already that Pasteur’s first announcement of the 
resolution of racemic acid into the enantiomorphic tartaric acids was 
received with incredulity, and it is not surprising that such a revolu- 
tionary discovery as this of anaérobic life, as he called it, should have 
raised a perfect storm of opposition. But Pasteur’s confidence in his 
own results was not to be shaken by the kind of criticism which is 
based on reverence for tradition, nomenclature, and classification, and 
his firm and uncompromising attitude towards his opponents is well 
exemplified by the following words of his own:—“ Whether the progress 
of science makes of this vibrio a plant or an animal, it matters little : 
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but it is a living being, endowed with movement, which lives without 
air and is a ferment.” (Compt. rend., 1861, 52, 1261.) 

This anaérobic life of the butyric ferment was not allowed to remain 
an isolated observation without bearing on other facts, but, on the 
contrary, its relationship to other known facts was at once discerned by 
Pasteur, who already in the same year, 1861, makes another communi- 
cation to the Academy of Sciences in which he develops in outline that 
celebrated theory of fermentation which has served to stimulate so 
many valuable researches. The considerations which led to the evolu- 
tion of this theory in Pasteur’s mind are apparent from the following 
passage with which he concludes this note : 


“Thus beside all the beings known until to-day, and which without 
exception (as is believed) cannot breathe and nourish themselves but by the 
assimilation of free oxygen gas, there would be a class of beings possessing 
such vigorous respiratory power, that they are able to live without the 
influence of the air by taking oxygen from certain compounds, thus occasioning 
in the latter a slow and progressive decomposition. This second class of 
organised beings would be constituted by the ferments, similar in every 
respect to the beings of the first class, living even as they are, assimilating 
after their fashion carbon, nitrogen, and phosphates, and also standing like 
them in need of oxygen, but differing from them, inasmuch as they can, in 
the absence of free oxygen gas, take this element from compounds of little 
stability.” (Compt. rend., 1861, 52, 1264.) 


Pasteur in his investigation of fermentative phenomena had thus 
by the year 1861, shown, firstly, the worthlessness of the form of words 
by means of which Liebig and the chemists of the time sought to 
banish all biological considerations from the study of these questions. 
Secondly, he had worked out a method of scientifically attacking these 
problems, in which, for the first time, both the chemical and biological 
aspects of the subject received their due share of attention. It is here 
that we are again brought in contact with those peculiar endowments 
which were the key to Pasteur’s success throughout his career. Just 
as his brilliant achievements in the domain of asymmetry were due to 
the facility which he displayed in bridging the gulf between pure 
physics and chemistry, and co-ordinating the facts belonging to each, so 
here again we find him closing the breach between chemistry and bio- 
logy and moving with equal facility along the main lines of each of 
these sciences, which lines, to continue the simile, differ so much in 
' gauge and gradient that the rolling-stock most suitable for progress on 
the one is in general wholly useless on the other ; but the vehicles of 
Pasteur’s mind were especially remarkable for the adjustability of their 
gear and gauge, and it is to this altogether exceptional versatility that 
we owe his successful exploration of the borderlands, which can only be 
traversed by those capable of adapting themselves to the particular 
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means of locomotion available in two countries of widely different con- 
figuration. 

Thirdly and finally, by the systematic use of this new method of 
investigating fermentation phenomena, he had discovered the possibility 
of life without air and had collected sufficient experimental data to 
venture on the new theory of fermentation which he enunciated in the 
words I have quoted. 

The further researches which this new theory stimulated were deferred 
for some years in consequence of his attention being directed to certain 
phenomena closely related to fermentation and, indeed, demanding a full 
and final explanation before satisfactory progress could be madein, to use 
his own words, ‘ces travaux dont la difficulté ne me laisse ni tréve ni 
repos’ (Ann. Chim. Phys., [iii], 61, 488). 


Researches on Spontaneous Generation. 


The investigation to which Pasteur in the next instance devoted his 
commanding energies might appear to us at the present time almost a 
work of supererogation, for, during more than twenty years past, we 
have heard nothing of that great question which has exercised the 
mind of man from the earliest ages—Can life originate spontaneously ! 

Expressions of opinion on this subject are to be found in the writings 
of some of the greatest authorities of ancient and modern times. 
Aristotle categorically affirms that “every dry body becoming moist, 
and every moist body becoming dry engenders animals.” Virgil asserts 
that bees originate within the putrefying carcase of a young bull : 


** Aspiciunt liquefacta boum per viscera toto 
Stridere apes utero, et ruptis effervere costis.” 


Van Helmont actually supplies the prescription for producing by 
spontaneous generation the domestic mouse. His formula consists in 
squeezing some soiled linen into the mouth of a vessel containing some 
grains of wheat, which arrangement gives rise to the transmutation of 
the wheat into mice in the course of about twenty-one days. The mice 
so generated are said to make their appearance in the adult state, both 
sexes being duly represented. 

The interrogation of nature by direct experiment in regard to this 
problem does not commence until the middle of the last century, when 
in 1745 Father Needham, an Irish priest, declares in favour of spon- 
taneous generation, convinced by the result of experiments which he 
had made on quite modern lines, namely, of placing putrescible sub- 
stances in vessels which he subsequently hermetically sealed and 
submitted to heat. He assumed that the heat would destroy all life 
in these materials, and when he afterwards found that an abundance of 
microscopic living forms made their appearance in these vessels, he 
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concluded that they had arisen by spontaneous generation. That this 
investigation carried conviction at the time is shown by the fact that 
within two years of its publication he was elected a Fellow of the 
Royal Society, and a little later he had the honour of becoming one of 
the eight Associates of the Academy of Sciences. It was not until 
1763 that these results were challenged by the Abbé Spallanzani in a 
dissertation which led to a lively dispute between these two divines. 
By heating the hermetically sealed vessels more thoroughly, and for a 
longer period of time, Spallanzani obtained results directly opposed to 
those of the Irish priest ; to these, however, Father Needham raised 
the objection that the additional torture, to use his own expression, to 
which Spallanzani had subjected the materials, had enfeebled or perhaps 
totally destroyed the “ vegetative force” of the substances and “entirely 
corrupted ” the air present in the vessels. Needham’s objection was 
subsequently strengthened by the discovery, made by Gay Lussac, that 
the air present in the hermetically sealed vessels containing various 
vegetable and animal substances preserved by Appert’s process was 
entirely destitute of oxygen. 

This objection was, however, dispelled by Schwann, who in 1837 
modified the method of experiment in a most noteworthy manner, 
namely, by allowing air to enter the vessel containing the putrescible 
substance which had been sterilised by heat, making this air, however, 
pass through a tube which was heated nearly to the boiling-point of 
mercury in a bath of fusible metal. Under these conditions, in nearly 
all cases again the putrescible or fermentable substances remained 
intact, but a few experiments gave a contrary result, and the investiga- 
tion thus failed to convince even its author. Similarly indecisive 
results were obtained by Ure, Helmholtz, Schultze, who passed the air 
through chemicals (caustic potash and sulphuric acid), and by Schroeder 
and Dusch, who in 1854-59 altered the modus operandi again by filtering 
the air through cotton wool. 

This unsatisfactory state of affairs was brought to a crisis when 
in 1859 M. Pouchet appeared before the Academy with a paper in 
which he claimed to have proved the possibility of spontaneous genera- 
tion by admitting artificial air to the sterilised putresciblé matters 
with the result that organised forms of life made their appearance. 

To put an end to this confusion twice confounded, the Academy in 
1860 gave as a subject for a prize-competition : 

“Essayer, par des expériences bien faites, de jeter un jour nouveau 
sur la question des générations spontanées.” 

It is at this moment that Pasteur enters the lists, and the circum- 
stance that we have for more than 20 years heard nothing of the 
doctrine of spontaneous generation is due to the effectual manner in 
which he successively hurled into the dust the several champions: 
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who appeared on its behalf in the intellectual tournament which 
followed. 

Pasteur repeated the experiments of Schroeder and Dusch, but 
instead of using ordinary cotton-wool he employed gun-cotton (collodion 
cotton) as the filtering material for the air, and by subsequently dis- 
solving this in a mixture of alcohol and ether, he showed that it had 
arrested a multitude of living organisms. 

Pasteur was also confronted by the difficulty which had so much 
perplexed his predecessors, namely, that milk developed microscopic 
growths even after being subjected to boiling for some minutes, but 
instead of recognising in this any support to the theory of spontaneous 
generation, he inferred that the milk doubtless. contained originally 
some peculiarly refractory organisms, and by raising the temperature 
of sterilisation to 110° he found in point of fact that no growths did 
subsequently make their appearance. 

One of the most elegant experimental proofs furnished by Pasteur 
that air, provided it is deprived of its suspended organisms, is incapable 


Fig. 1. 


of stimulating into life sterilised organic materials, consisted in plac- 
ing the organic infusion ina flask, the neck of which was subsequently 
drawn out into a long tube curved downwards and then upwards, as in 
the figure, and the extremity of which was left open. On sterilising 
this, by boiling and then allowing it to cool, the air would obviously 
enter by this open tube, but the putrescible infusion remained un- 
altered ; and that the germs suspended in this in-coming air had been 
all deposited in the bend, was conclusively demonstrated by inclining 
the flask so as to allow a few drops of the liquid to run into the bend 
where it was soon found to develop growths, thus disposing at the 
same time of the possible objection that the liquid had been devitalised, 
as formerly suggested by Needham, in the process of heating. 

During the progress of these investigations, Pasteur was continuously 
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harassed by the publications of his opponents who claimed to have 
obtained results entirely at variance with his own. This opposition 
was long endured by Pasteur, but his patience ultimately gave way 
when some of his experiments were directly challenged by Pouchet, 
Joly, and Musset, who asserted that in repeating them they had ob- 
tained diametrically opposite results. To put an end to this unbearable 
criticism, Pasteur conceived the idea of settling the dispute by a 
method which has recently played such an important part in the settle- 
ment of a great national dispute of our own, namely arbitration. He 
appealed to the Academy to appoint a special commission to judge 
between himself and his scientific opponents. Although the recogni- 
tion of such a tribunal may be regarded as an advantageous method of 
averting a sanguinary war between two nations without armies, or of 
preventing a disastrous strike of colliers, dockers or quarrymen, it will, 
I think, hardly recommend itself as a means of arriving at the truth 
in a scientific conflict, for in such disputes there is but one Court of 
Appeal, Time, and the opinion of Posterity. The commission was duly 
appointed and the method of procedure and result were as remarkable 
as instructive. It was arranged that both parties should appear at 
the bar of the Academy and there perform their rival experiments. 
On the day appointed Pasteur and his assistants arrived laden with 
apparatus which they were ready at once to put in operation; M. 
Pouchet and his adherents were there also, but they had come empty- 
handed. They asked for time, and urged that the weather was unpro- 
pitious to the success of their experiments, which had been made at a 
different season of the year. The commission would not accede to the 
remand, Pasteur successfully performed his experiments, and a strong 
judgment was given in his favour (Ann. Chim. Phys, 1865, [iv], 4, 
353). Before the superior court of Time, however, even the most 
distinguished Academicians must bend, and we now know that their 
judgment was wrong, and that Pasteur and his opponents were, in 
reality, both right as regards what they had observed in their respec- 
tive experiments, but before such a tribunal obviously nerve as well as 
vight were indispensable for securing justice. The facts are these: 
Pasteur had used infusion of yeast as the putrescible material in his 
experiments, Pouchet had used infusion of hay in his; the infusion of 
yeast is easy, the infusion of hay excessively difficult, to sterilise by 
heat ; the heat applied by Pasteur was sufficient to sterilise the yeast 
infusion, it would have been insufficient to sterilise the hay ; and con- 
sequently the heat applied by Pouchet, which was the same as that 
used by Pasteur, failed-to sterilise the hay infusion which he alone 
employed. 

Through the want of confidence in themselves exhibited by Pouchet 
and his associates in this extraordinary trial, and by the Academic 
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tribunal giving judgment in default, the knowledge of the whole truth 
was delayed by some years, for it was not until 1876 that Pasteur’s 
easy triumph over his adversaries was again called in question. Here 
lies the subtle danger of a body, however distinguished, undertaking 
responsibilities altogether beyond their real capacity, for doubtless the 
authoritative pronouncement of the Academy succeeded in protecting 
Pasteur from his French antagonists, by throttling renewed investiga- 
tion in the country in which their judgment was final, but fortunately 
it could not blockade research throughout the world, it could not protect 
him from attack by scientific foes owning no allegiance to the august 
body whose aid he had so successfully invoked. The imperfections in 
Pasteur’s methods of that time were in 1876 brought home to himself 
by the challenge which he received from Dr. Bastian, and it was in 
repeating his experiments and in fighting his erroneous conclusions 
that Pasteur was led to discover that there exist micro-organisms which 
are more difficult to destroy by heat than he had before supposed, and 
that it was the presence of these which had led astray so many zealous 
experimenters who were too ready to give credence to this chimera of 
spontaneous generation. 

In looking back upon this period of Pasteur’s career, one is disposed 
to regret that his great powers should have been so long absorbed in 
this work of exterminating a mere superstition, but, as a matter of fact, 
much good came of this crusade in a number of ways. Incidentally, 
experiments, which have now become classical, were made on the dis- 
tribution of micro-organisms in our surroundings, such as air and water, 
whilst healthy urine and the blood of normal animals were in 1862 and 
1863 shown to be free from microbes and capable of being preserved 
without alteration for an indefinite period of time, provided they were 
collected with suitable precautions. Van der Broeck had, indeed, 
already in 1857 and 1858 proved that grape-juice, white and yolk of 
egg, gall, urine, and arterial blood, if suitably collected, could be pre- 
served without change in their natural condition, whilst subsequently 
sterile milk in its natural condition was obtained direct from the udder 
by Roberts, Lister, Cheyne, Meissner, and others. The spontaneous 
generation controversy was, moreover, highly fertile in developing the 
general methods of bacteriological research, and many of the most 
familiar operations employed in the study of micro-organisms date from 
this period. 

It is almost needless to say that the prize offered for researches 
throwing light on the question of spontaneous generation was awarded 
to Pasteur, and in 1862, at the age of 40, he was elected a member of 
the Academy of Sciences. 
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Studies on the Vinegar Process. 


Having temporarily suppressed opposition in the spontaneous gener- 
ation controversy, Pasteur returned to his fermentation studies, and 
the interest which his discoveries in this field excited was no longer 
limited only to the devotees of science, the frequenters of laboratories, 
and the readers of scientific periodicals, but it began to penetrate that 
vast assemblage of persons whose main object in life is to obtain the 
maximum return for capital invested, and who constitute the industrial 
world. Thus, about this time, we find Pasteur delivering an address to 
the vinegar manufacturers of Orléans, an address which has since 
become famous by reason of the important revelations which it con- 
tained concerning the production of vinegar by new methods. Pasteur 
had shown that the conversion of wine into vinegar is the work of a 
minute rod-like organism, which he called mycoderma aceti, the habits 
and mode of life of which he had so carefully studied that he was able 
to indicate to these employers of labour the manner in which it ought 
to be housed, fed, and treated, in order to do the maximum amount of 
work, in the shortest period of time, and for the lowest possible wage. 
This mycoderma aceti is, indeed, a peculiarly difficult employé to deal 
with, for if supplied with an insufficient allowance of alcohol he revenges 
himself by consuming the acetic acid which he has been engaged to 
produce. 

As in the case of the alcoholic fermentation, so in that of the 
vinegar or acetic fermentation, Pasteur was neither the first to dis- 
cover the process, nor the first to see the living ferment, nor yet even 
the first to connect the process with the life of the micro-organism. The 
chemical change involved, and the part played by oxygen in the sour- 
ing of wine, were already indicated by Lavoisier; the process was 
ascribed to catalysis by Berzelius in 1829. The skin which forms on 
the surface of the acetifying liquid was already named mycoderma 
by Persoon, in 1822, and the bacterial celis of which this pellicle is 
composed were already seen and described by Kiitzing in 1837 under 
the name of ulvina aceti, and between the life of the latter and the 
vinegar process a connection was, by him, actually suspected. It will be 
asked, then, where does Pasteur’s discovery of the acetic fermentation 
come in, when this discovery was already a fait accompli at the time when 
Pasteur was catching fish and drawing caricatures as a schoolboy at 
Arbois? It is, however, one thing to dream of empire, and another thing 
to actually found one, so it is one thing to make a discovery and often 
a very different thing to make the world accept it. It is here that 
Pasteur stands out in such bold relief from so many other dis- 
tinguished savants of the century. Just as in connection with the 
alcoholic fermentation the pioneering work of Cagniard Latour and 
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Schwann was of such a character that it was practically effaced at 
one fell swoop by the edict of Liebig, so here again the structure 
raised by Kiitzing was within two years demolished by the same auto- 
cratic mandate. But whilst the houses built by Cagniard Latour, 
by Schwann and by Kiitzing were only founded on sand, and there- 
fore destined to fall almost with the first winter’s blast, Pasteur was 
an architect who built only on the solid rock of experiment, and the 
many mansions which he has raised on the sites where lie the shattered 
and almost forgotten ruins of his predecessors have invariably with- 
stood the whips and scorns of time, becoming only mellowed by age. 
It is in this connection that we realise that Pasteur was not only a 
savant content to seek the truth and find it, but that when he had in 
any matter succeeded ‘in the difficult task of convincing himself, he 
was impelled with almost a fanatic’s zeal to force his conviction on the 
world, nor did he put up his sword until every redoubt of unbelief had 
been taken, every opponent converted or slain. Of this uncompro- 
mising spirit in his championship of what he believed to be the truth 
he was himself conscious, as is seen from the following passage which 
occurs in that short reply which he made at that supreme hour of his 
life when, on attaining the age of 70, he enjoyed a triumph such as 
has probably never been accorded to a man of science before or since : 
“Si parfois j’ai troublé le calme de nos Académies par des discussions 
un peu vives, c’est que je défendais passionnément la vérité.” (Jubilée 
de M. Pasteur, 1892.) 

In perusing those terse summaries in which Pasteur’s labours on the 
acetic fermentation are recorded in the Comptes rendus,* the reader 
cannot fail to be struck with the breadth and scope of the view which 
he takes of the phenomena before him, and the manner in which he 
shows, by a pregnant word here and there, the alertness of his mind 
to developments which even now are only partially realised. Thus he 
points out that these organisms are not only endowed with the power 
of producing acetic acid from alcohol, but that they can impose the 
oxidising action of the air on a multitude of organic substances, the 
sugars, the organic acids, divers alcohols, and albuminoids, giving rise 
in some cases to intermediate products of which he had already detected 
some. Here, then, we have indicated those beautiful transformations, 
carried into execution many years later by Mr. Adrian Brown, in 
which, by the agency of the acetic bacteria, normal propylic alcohol 
was made to yield propionic acid, d-glucose to give d-gluconic acid, 
mannitol to produce levulose, and glycol, glycollic acid, whilst 
methylic, isobutylic, and amylic alcohols, as well as cane-sugar, milk: 
sugar, starch, and dulcite remained unaffected (Trans., 1896, 49, 172). 
He further points out the oxidising action possessed in varying degrees 

* Compt. rend. ‘* fitudes sur les mycodermes,” 1862, 54, 265 and 55, 28. 
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by the family of moulds, and thus shows the path subsequently 
travelled along by Le Bel and many others in what may be called 
the mould-combustion of racemoids, as well as by Wehmer* in the 
mould production of oxalic and citric acids from carbohydrates. The 
same few pages indicate the necessity of reopening the investigation 
of the process of nitrification, and thus suggest the subsequent suc- 
cessful researches of Schlesing, Muntz, Warington, Munro, Wino- 
gradsky, and others. 

These researches on the acetic fermentation open again a new chapter 
in Pasteur’s career, for whilst in his previous investigations he had 
restricted himself to the purely scientific aspects of the problems on 
which he was engaged, from henceforward we find the practical appli- 
cation of scientific knowledge occupying a large part of his attention. 
The success which attended his efforts in thus applying his discoveries 
doubtless soon led to the growth of a conviction within him that he 
was entrusted with a great mission, which embraced not only the reve- 
lation of abstract truth, but also the promotion of the material welfare 
both of his own beloved country and of humanity at large. 

Thus his excursion into practical matters in connection with the 
manufacture of vinegar was at once followed by his giving similar 
attention to questions relating to the production of wine. Already 
in his writings on vinegar, too, he sounds that note which was soon to 
become the leading one of his compass ; for beginning with ‘les mala- 
dies du vinaigre,’ he passes to ‘les maladies des vins,’ ‘les maladies de 
la biére,’ ‘les maladies des vers & soie,’ until he endeavours to extend 
his healing hand to those numerous ills that are the inheritance of the 
flesh of man and beast. 


The Diseases of Wine.: 


In placing the vinegar process on a sound scientific basis, Pasteur 
had obviously, in reality, broached the subject of the ‘maladies des 
vins,’ for that the souring of wine is one of the most widespread ills to 
which it is subject is surely well known to all possessing even the most 
modest of cellars, What more natural, therefore, than that Pasteur 
should conceive that those other and more mysterious deteriorations 
which wines so frequently undergo might receive a rational explana- 
tion by the application of the same methods which had elucidated the 
vinegar process? Nor were these methods found wanting in dealing 
with the other diseases of wine, for whilst in healthy or normal wines 
Pasteur found only yeast cells, in all those wines which connoisseurs 
condemned as diseased he found other micro-organisms as well, and 


* Wehmer, Deitrdge zur Kenntniss einheimischer Pilz. I. Zwei neue Schimmelpilze 
als Erreger einer Citroneustéwregihrung. Hanover, 1893, Centralbl. f. Bakteriol., 
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the nature of these micro-organisms was found to vary according to the 
complaint with which the wine was charged. Although a number of 
different bacteria connected with these several maladies of wine were 
described and figured by Pasteur, it must not be supposed that the 
mechanism of these processes was investigated with anything like 
the completeness of the acetification process. The chemical changes 
taking place are of a much more complex character than that of 
acetification, and a large amount of work still remains to be done in 
connection with these more obscure difficulties which attend the pro- 
duction of sound wine. To Pasteur, however, is due the broad explana- 
tion of these phenomena as dependent on foreign organisms, and the 
further elucidation of the subject is chiefly a matter of laborious detail. 
Nor did Pasteur confine himself to establishing this connection. by 
experiment, but directed his attention to the possibility of guarding 
against these disturbances, 

If these several diseases of wine are due to the presence of living 
organisms, their radical cure will obviously consist in effecting either 
the removal, paralysis, or destruction of the mischievous microbes. 
Pasteur’s first efforts were directed to effecting their destruction by 
means of antiseptics, such as the alkali hypophosphites and bisul- 
phites, but as the results obtained in this manner were unsatisfactory, 
he resorted to the method of destroying micro-organisms by heat. The 
thought at once suggests itself that possibly this cure would be worse 
than the disease, for there is something in the idea of heating wine 
which does violence to natural instinct. Pasteur had, however, pre- 
viously very carefully studied the relationship of wine to oxygen, and 
he did not anticipate that any evil would result provided the wines 
were only heated after. they had finished absorbing oxygen. More- 
over, he foresaw that a comparatively low temperature—far below 
boiling—would suffice, as from his experiments on spontaneous genera- 
tion he was well aware that the acid reaction of the wine would facili- 
tate the sterilisation, whilst he had further reason to believe that it 
would not be necessary to actually destroy all micro-organisms, and 
that it would be quite sufficient only to so paralyse their activity as to 
prevent their inducing prejudicial changes in the wine. This simple 
process of partial sterilisation, which was first applied by Pasteur to 
wine, is now generally known by his name as “ pasteurisation,” and 
has already proved of enormous value to man, having been employed 
with the greatest success in connection with wine, beer, milk, cream, 
and other food materials of a perishable nature, whilst in the future, 
I believe, it is destined to become of ever increasing importance. The 
wholesale abuse of antiseptics in this country at the present day must 
lead to a reaction before very long, for it is rapidly coming to this, 
that there is hardly a purchasable article of food which is not tainted 
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with the suspicion of being mixed with some preservative which, whilst 
harmless enough when taken occasionally in small quantity, may not 
improbably lead to grave disturbances if habitually made to form part 
of almost every meal during a lifetime. In other countries where 
Governments consider it necessary to keep themselves, to some extent 
at least, in touch with the progress of science, many of these preserva- 
tives are prohibited by laws which bear only one meaning, whilst with 
us almost every protective enactment is so framed as to admit of a 
different interpretation by every local magistrate and by every British 
juryman. When the present darkness has given place to light, it is 
to be anticipated that the preservation of perishable food materials by 
Pasteurisation will supersede the present methods of preservation by 
poisons. 


Controversy with Liebig. 


It was thus by a long line of monumental researches that Pasteur 
had established the vitalistic theory of fermentation, which may be 
summarised in the words : 

No fermentation without organisms ; for each kind of fermentation 
a particular organism. 

It was hardly to be expected that Pasteur’s opponents would allow 


this theory to triumph without striking a last blow in defence of the 
chemical or molecular vibration theory, which had enjoyed such a long 
supremacy over the vitalistic theories of thirty years before. Ac- 
cordingly, in 1869 we find Liebig making a lengthy communication to 
the Munich Academy, under the title of “On Fermentation and the 
Source of Muscular Power.” The paper is of psychological rather than 
scientific interest, the reader having little difficulty in discerning that 
the great chemist, in the winter of his brilliant career, is trying to 
retreat in good order before the irresistible advance of the younger 
man with his improved weapons of precision, and to cloak his defeat 
by endeavouring to show that there is but little real difference between 
the twointerpretations put on fermentation phenomena. But towards 
the end of the paper there is a sudden change of tone, for the author, 
doubtless so well satisfied with his execution of the retrograde move- 
ment, has deceived himself as to the real nature of his position, and 
when he should have been content to decently bury an obsolete cause 
he becomes once more aggressive and contemptuous. He denies the 
activity of the mycoderma aceti on the beechwood shavings used in the 
German vinegar process, and calls to his assistance in this weighty 
charge the ipse dixit of a worthy Munich vinegar manufacturer of 
the name of Riemerschmied. He challenges the accuracy of Pasteur’s 
observation that yeast can find its nitrogenous nutriment in ammonia, 
and suggests that his results are due to analytical inaccuracy. In 
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support of his disbelief in the assimilability of ammoniacal nitrogen, 
he invokes the assistance of vegetable physiology—which then denied 
to all but green plants the power of building up albuminoids from 
ammonia. But the scientific world had yet to learn how often vege- 
table physiology would have to change its foliage at the bidding of 
Pasteur and his successors. What would Liebig have said had he 
been told that the study of these micro-organisms for which he cannot 
disguise that contempt which has been shared by so many chemists 
even up to within the last few years, would within the century reveal 
the fact that carbonic acid can serve as a source of carbon to plants 
without chlorophyll, and that albuminoids can be synthesised from the 
free nitrogen of the air? 

The reply did not come until after the war of 1870, and the effect 
of that débacle on Pasteur, who was even a greater patriot than 
savant, cannot be realised by Englishmen who for generations have 
not seen an enemy on their own soil. 

To my mind, this reply appears a masterpiece of self-restraint, con- 
sidering the circumstances of intense irritation under which it must 
have been written. Terse, and to the point, the few pages of Pasteur’s 
reply form a most welcome contrast to the verbose and unwieldy 
document of the Teutonic veteran. Without wasting time on the 
sterile disquisition of which Liebig’s paper is mainly composed, he 
hastens to fall like a sledge-hammer on the two direct negatives with 
which he had been challenged, namely, (1), the assimilability of ammo- 
niacal nitrogen by yeast, and (2), the participation of the mycoderma 
acett in the German vinegar process. After reasserting the correctness 
of his previous statements, he exclaims : 

“‘Mais comment éclairer le public? Comment sortir de l’embarras 
que soulévent ces affirmations contradictoires également honorables?” 

Then he has recourse to those tactics which he found so effective in 
the case of his dispute with M, Pouchet, by calling on Liebig to submit 
his difference to the arbitration of the Academy, he (Pasteur) under- 
taking to prepare several kilograms of yeast from purely mineral 
materials, and also to satisfy by ocular demonstration both Liebig 
and the Academic Committee that the beechwood shavings in Herr 
Reimerschmied’s vinegar factory were covered with growths of the 
mycodermi aceti which Liebig had been unable to discover. The same 
success attended this move of Pasteur’s as on the previous occasion, for 
Liebig did not accept the challenge, and with his failure to do so fell 
also the theory by championing which he had succeeded in stopping the 
clock of the fermentation world over a period of nearly thirty years. 

The war of 1870 plunged Pasteur into the very deepest melancholy 
and despair. As I have said before, he was perhaps even more patriot 
than man of science, and the condition of his mind at this crisis is 
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most vividly illustrated by the following letter which, after the 
bombardment of Paris, he addressed to the Dean of the Medical 


Faculty at Bonn: 
“ ARBOIS (JURA), 18th January, 1871. 


“ MONSIEUR LE DOYEN, 

“In 1868, the Faculty of Medicine of the University of Bonn did me the 
honour of bestowing on me the degree of Doctor of Medicine, in recognition 
of my labours on fermentation and on the part played by microscopic 
organisms, Of all the distinctions which my researches during the past 
twenty-two years have brought me, I admit that there is not one which has 
given me more satisfaction. . . .” 


After referring to the fact that he had framed the diploma and 
hung it up in his study, he says : 


“ To-day, the sight of this parchment is odious to me, and I feel offended at 
seeing my name, with the qualification of virum clarissimum which you have 
bestowed upon it, placed under the patronage of a name doomed henceforward 
to execration by my country, that of Rex Guilelmus. 

“Tout en protestant hautement de mon profond respect envers vous et 
envers tous les professeurs célébres qui ont apposé leur signature au bas de la 
décision des membres de votre ordre, j’obéis 4 un cri de ma conscience en 
venant vous prier de rayer mon nom des archives de votre Faculté et de 
reprendre ce dipléme en signe de lindignation qu’inspirent 4 un savant 
francais la barbarie et ’hypocrisie de celui qui, pour satisfaire un orgueil 
criminel, s’obstine dans le massacre de deux grands peuples.” 


The practical outcome of this patriotic sentiment so highly de- 
veloped in Pasteur was that he undertook those famous researches 
on beer which were commenced within a few months after the 
cessation of the roar of the German artillery around the walls of 
Paris, and which had for their object such an illumination of the 
brewing industry as would enable France to produce malt liquors of 
equal value and excellence to those for which her hereditary enemy 
across the Rhine had so long been preéminent : 


“ T’idée de ces recherches m’a été inspiré par nos malheurs. Je les ai entreprises 
aussitét aprés la guerre de 1870 et poursuivies sans reldche depuis cette époque, 
avec la résolution de les mener assez loin pour marquer d’un progrés durable 
une industrie dans laquelle Allemagne nous est supérieure.” (Preface to 
Etudes sur la Biére, 1876.) 


These researches were in 1876 collected and printed in a single 
volume bearing the title of Etudes sur la Biére, which is unquestionably 
the best known of all Pasteur’s publications in this country and which 
has been translated into English. Ido not know whether this work 
has been consulted by the great titled millionaires of the brewing world, 
or even whether it is to be found in their libraries, but I do know that 
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it has for twenty years served as a gospel to those members of our 
profession who are the brains and right hands of the great brewing 
concerns of thiscountry. I say “ gospel” and not “ law,’ as it is rather 
by the spirit which it breathes than by the letter itself that it has 
proved of such inestimable value to those engaged in the solution of 
fermentation problems. 

From a chemical point of view, the centre of gravity of the Etudes 
sur la Biére is undoubtedly the new theory of fermentation which it 
contains, and which may be summarised in the words “ Fermentation 
is life without oxygen.” 

To the enunciation of this theory, Pasteur was led by a careful study 
of the phenomena exhibited on the one hand by the life of aérobic 
organisms in the absence of air, and on the other hand of anaérobic 
organisms in the presence of air. “ La fermentation est la conséquence 
de la vie sams air” (p. 271). 

It had been asserted in 1857 by Bail that the mould, mucor mucedo, 
which is so common on horse-manure, becomes transformed into brewer’s 
yeast if grown out of contact with air by immersion in a saccharine 
liquid, and that the latter under these conditions suffers the ordinary 
alcoholic fermentation. Pasteur repeated this experiment, using special 
precautions, and was able to confirm the apparent transformation and 
the alcoholic fermentation consequent thereon. He, however, showed 
that the round or oval cells obtained were not veritable yeast, but that 
they only simulated the latter, and that the change in form was only 
a concomitant of the change in function under the altered conditions 
of life, for on bringing these yeast-like cells to the surface they again 
gave rise to an ordinary mould mycelium which destroyed the sugar 
by oxidation. The power of decomposing the sugar into alcohol and 
carbonic anhydride is thus only possessed by the mucor mucedo as long 
as it is growing in the absence of air, or, in other words, the mucor 
mucedo becomes a ferment when deprived of oxygen. (See also 
Emmerling, Ber., 1897, 30, 454.) 

Pasteur has endeavoured to trace the counterpart of these phenomena 
in the behaviour of ordinary yeast when grown in the presence and 
absence of air respectively. 

Thus he found that yeast could grow in the absence of air, and although 
the growth was a very feeble one, and the absolute amount of sugar 
transformed into alcohol and carbonic acid very small, yet the weight 
of sigar so transformed per unit weight of yeast present was very 
large indeed (176 of sugar: 1 of yeast). On the other hand, by 
admitting a small quantity of oxygen, the growth of yeast is more 
abundant and the fermentation accelerated, but the transformation of 
sugar for unit weight of yeast present is less than in the entire 
absence of oxygen (76 of sugar: 1 of yeast). By further increasing 
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the quantity of oxygen, the disappearance of the sugar is still more 
rapid and the growth of yeast still more abundant, but there is hardly 
any alcohol formed, the sugar having principally suffered oxidation 
instead of decomposition ; moreover, the amount of sugar which has 
disappeared per unit weight of yeast present is still lower than in the 
previous case (4 of sugar: 1 of yeast). (Etudes sur la Biére, 237, 241, 
244.) 

It is these and other results of a similar character which Pasteur 
cites in support of his theory that fermentation is life without air. 
Thus, defining the fermenting power or ‘pouvoir ferment” as the 
amount of sugar transformed by unit weight of yeast, he points out 
that the value of this power increases in the absence of air and decreases 
in its presence, as indicated by the experimental figures which I have 
quoted. 

The importance of this conception, pouvoir ferment, was questioned 
already at the time, in 1875, by Schiitzenberger (Schiitzenberger, Les 
Fermentations, 1875), who considers that the really vital factor is the 
amount of sugar transformed by unit weight of yeast in unit of time, 
and this has been again quite recently urged by Mr. Adrian Brown 
(Centralbl. f. Bakteriologie (II. Abth.), vol. 3, 33; Trans., 65, 911), 
who maintains that in the measurement of any work performed by 
an organism the element of time must be taken into consideration. 
Mr. Brown, in fact, denies that Pasteur’s experiments, which I have 
summarised above, have any real bearing on this theory, because the 
times occupied in the several fermentations were utterly different, 
thus, whilst the fermentation without any air was continued over 
three months, that in which most air was present was terminated in a 
few hours. 

Mr. Adrian Brown is therefore anxious to ascertain whether unit 
weight of yeast is decomposing more sugar in unit of time when it is 
supplied with air or when it is deprived of air, and this information the 
experiments in question do not furnish, because the quantity of yeast 
is changing throughout the course of each experiment, and the rate 
of change is different in the different experiments. 

Mr. Adrian Brown has endeavoured to solve this problem in a very 
ingenious and original manner, by taking advantage of an interesting 
discovery which he has made with regard to the multiplication of 
yeast. Thus, Mr. Brown finds that, in a given saccharine solution, 
yeast will multiply until there is a certain number of cells per unit 
volume of liquid (Trans., 1892, 61, 370), and that when this maximum 
has been reached reproduction ceases. The existence of such a maxi- 
mum obviously opens up the possibility of studying the decomposition 
of sugar by yeast in the absence of yeast reproduction. This is what 
has been done by Brown; yeast cells in excess of the ascertained 
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maximum were introduced into a saccharine liquid, one-half of this 
was supplied with air, the other half was protected from the air, and 
the experiments, which were varied in a number of different ways, 
in all cases yielded the same result, namely, that in a given time a 
given number of yeast cells, wndergoing no multiplication, decomposed 
slightly but distinctly more sugar in the presence than in the absence 
of air. Thus in the absence of yeast reproduction, it would appear 
that one yeast cell decomposes more sugar in unit time in the presence 
than in the absence of air. But there is the further point to be taken 
into consideration that, as Pasteur pointed out, the sugar may be de- 
composed by the yeast in two different ways, namely, first, by what 
we may call fermentation, that is, with production of alcohol and 
carbonic anhydride, and, secondly, by complete oxidation after the 
fashion of moulds; now in the great majority of these researches on 
yeast fermentation it is the destruction of sugar that has been alone 
determined, the nature of the products formed having been left out of 
consideration.* It is obviously quite possible that a yeast cell may 
be decomposing in a given time a large amount of sugar, but if the 
decomposition is wholly by way of oxidation, that yeast cell would not 
be acting as a ferment at all, at any rate in the sense that the word is 
used by Pasteur. 

The following facts would appear, then, to be established. 

(1) From Pasteur’s experiments, on the one hand, we know that a 
single yeast cell, growing in a saccharine liquid until a ponderable 
quantity of yeast has been produced, decomposes more sugar, per unit 
weight of yeast formed, in the absence than in the presence of air. 

(2) From Adrian Brown’s experiments, on the other hand, we know 
that a single yeast cell undergoing no multiplication decomposes 
slightly more sugar in unit of time in the presence than in the 
absence of air. 

It is, however, obvious that, even if more sugar is fermented by 
yeast in the presence than in the absence of air, there is nothing in 
this antagonistic to Pasteur’s theory that fermentation is the con- 
sequence of life without air, for surely the decomposition of the sugar 
into alcohol and carbonic anhydride may still be a vital action which 
is qualitatively independent of air, and which is only quantitatively 
dependent on the presence of air in so far as the general vitality of 
the yeast cell is stimulated by aération. Moreover, even Adrian 
Brown’s experiments show that the decomposition of sugar is quanti- 
tatively but little affected by the entire absence of air provided no 
yeast-multiplication is permitted. It is, in fact, quite conceivable that 
the yeast cell may be stimulated by the presence of air, and yet that 


* This has recently been attempted by Giltay and Aberson. Pringsheim’s 
Jahrbuch. f. wissensch. Botanik, 27, 543 ; see also Ann. de U’ Inst. Pastewr, 10, 183. 
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practically the whole of its vital processes are carried on without the 
participation of the free oxygen, provided sugar be present ; and we 
know that these processes can be carried on without air in a saccharine 
liquid. In short, the energy réquired for the life of the yeast may be 
derived from the decomposition of the sugar and not from oxidation 
processes effected by free oxygen. It is this capacity to utilise the 
energy locked up in the sugar, and which is set free when the sugar 
decomposes into alcohol and carbonic anhydride, which entitles the 
yeast to the name of ferment according to Pasteur’s definition. 

Before dismissing this subject of Pasteur’s fermentation theory, 
which, it is to be hoped, will still continue to stimulate research in the 
future as it has done in the past, I would refer to two very remarkable 
confirmations adduced by Pasteur in support of his theory (Etudes 
sur la Biére, 248). Firstly, in connection with industrial practice ; 
where the production of yeast is the object of the manufacturer, the 
liquids in which the yeast is grown are kept as fully aérated as 
possible, experience showing that thus the maximum transformation 
of sugar into yeast cells is secured. Secondly, the discovery in 
1869 by Lechartier and Bellamy (Compt. rend., 1869, 69, 366, 466), 
that the vegetable cells present in ripe fruits transform a part of the 
sugar which they contain into alcohol if the fruits in question are 
preserved in an atmosphere of carbonic anhydride, would tend to show 
that the production of alcohol from sugar is a more or less general 
property of vegetable protoplasm when deprived of free oxygen, 
irrespective of the nature of the cells in which this protoplasm is 
contained. Similarly, as we have seen, the protoplasm of the mould 
mucor mucedo, under ordinary circumstances, that is, in the presence 
of air, does not decompose sugar with formation of alcohol, but only 
exhibits this power when it is deprived of free oxygen. 

The whole question should assume a different aspect now that we 
appear by E. Buchner to have been put in possession of the enzyme 
giving rise to the alcoholic fermentation of sugar. It will now be 
possible also to attack the problem in a new and much more decisive 
manner. Thus it is presumably very improbable that the action of 

‘the enzyme is influenced by the presence or absence of air, but it is 
very possible that the amount of enzyme produced in a given yeast cell 
may depend largely on whether the latter is supplied with or deprived 
of free oxygen. These are points on which we may hope to b@ve 
definite information before long. 

I should, however, only be conveying a very imperfect idea of the 
importance of Pasteur’s work on fermentation were I to omit to men- 
tion its influence in directions which at first sight have very little 
connection with fermentation and the great industries which are 
dependent on the application of these processes. I refer, of course, to 
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the immediate influence which Pasteur’s fermentation researches 
exerted in the domains of medicine, surgery, and public health. 
Pasteur was fully convinced of the possibility of extending the great 
principles which he had established in connection with fermentation to 
the phenoniena of disease, but he was filled with well founded anxiety 
lest, through exaggerated statements and undue haste in drawing con- 
clusions, a reaction should be provoked and that the new ideas should 
fall into disfavour. 

It was in this direction that he feared the doctors especially would 
err, and it is this apprehension which leads him to make the following 
remarks about the members of the medical profession : 


“‘ Malheureusement les médecins se plaisent volontiers dans les généralisa- 
tions anticipées. Beaucoup d’entre eux sont des hommes d’une rare distinction 
naturelle ou acquise, doués d’une intelligence vive, d’une parole élégante et 
facile ; mais plus ils sont éminents, plus l’art les absorbe et moins ils ont de 
loisirs pour le travail d’investigation. Poussés, néanmoins, par la passion du 
savoir, propre aux esprits d’élite, et qu’entretiennent les relations de la haute 
société de plus en plus curieuse des choses de la Science, ils s’emparent 
avidement des théories faciles, spécieuses, d’autant plus générales et appropriées 
aux” explications vagues qu’elles sont mal établies par les faits.” (Htudes suv 
la Biére, 41.) 

Amongst a number of achievements in medicine and surgery to 
which Pasteur refers as having been ascribed by their authors to the 
influence of his fermentation studies, he singles out with special pride, 
and reproduces in full, as affording him the greatest satisfaction of all, 
a letter addressed to him in 1874, “ par le célébre chirurgien d’Edin- 
bourg, le Dr. Lister” ; and by so doing Pasteur shows how incom- 
parably clearer was his insight into matters medical than that of the 
profession itself, realising, as he did already then, that the departure 
which is associated with the name of the President of the Royal Society 
was by far the most important application of his researches on fer- 
mentation. For how true are the words contained in the recent 
medical estimate of Pasteur’s work by M. Roux (Roux, Agenda du 
Chimiste, 1896, 528) : 


“Eclairé par les expériences de Pasteur, Lister comprend que les complica- 
tions des plaies sont dues aux germes microbiens venus du dehors et il imagine 
les pansements antiseptiques. Avec l’antiseptie commencent les temps 
nouveaux de la chirurgie. C'est grace 4 une expérience bien faite sur la 
fermentation que Pasteur, qui de sa vie n’a tenu un bistouri, ni fait un 
pansement, a sauvé plus de blessés que tous les maitres de la chirurgie.” 


Silkworm Diseases. 


Before entering on the last chapter in Pasteur’s career, in which he 
determines personally to follow out the pathological developments of 
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his fermentation studies, we must turn our attention for a few 
minutes to an incidental investigation into which he was, so to speak, 
forced by his superiors, and which proved an admirable preparatory 
school for those great final labours on micro-organisms and disease 
which have rendered his name a household word throughout the 
civilised world. 

In 1865, the silkworm culture, which forms such an important 
industry in the South of France, was threatened with ruin in con- 
sequence of a most disastrous disease having made its appearance 
amongst the worms. The Government was appealed to for assistance, 
and it might have been supposed that they would, under the circum- 
stances, have applied for advice to some distinguished zoologist, ento- 
mologist, or other authority learned in the ecdyses and metamorphoses 
of the Insecta in general and of the Lepidoptera in particular. With 
admirable sagacity and courage, however, they ignored the very 
existence of the several biological societies, and entrusted the investiga- 
tion to a man absolutely ignorant of invertebrate anatomy, and who 
had never even handled a silkworm in his life. It was, moreover, in 
vain that Pasteur pleaded this ignorance as testifying to his incapacity 
to undertake the work. ‘‘Tant mieux!” said M. Dumas, by whom he 
had been approached, ‘‘ vous n’aurez d’idées que celles qui vous viendront 
de vos propres observations! ’’ (Duclaux, Histoire d’un Esprit, 193.) 

It must not be supposed that Pasteur was breaking untrodden 
ground in undertaking this investigation ; a mass of literature already 
existed on the subject, a great number of careful observations had 
already been made. Microscopic corpuscles had been seen in the 
diseased silkworms by Guérin-Menneville ; their pathological import 
had been suspected by Cornalia ; their abundant presence in all the 
diseased larvee and moths had been observed by Lebert and Frey, 
whilst Osimo had found them even in the eggs. Notwithstanding, all 
remedial measures had proved highly uncertain and often altogether 
ineffectual. The previously ascertained facts were confirmed by Pasteur, 
yet nothing is more remarkable than that he, who in his fermentation 
experiments had been guided by the conviction that the living organism 
was the cause of the chemical process, should for several years have 
failed to recognise that these living corpuscles were the real materies 
morbi of the Pébrine, as this silkworm malady was designated, but that, 
on the contrary, he should have supposed that they were only a 
consequence of the disease, and therefore a delicate means of detecting 
its presence. The remedy which he suggested was, however, sound, 
although based upon this erroneous hypothesis, and consisted in col- 
lecting the eggs laid by each moth separately, and then preserving 
only those which were derived from a male and female moth both of 
which on microscopic examination had been found to be free from cor- 
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puscles. Foreseeing that the use of the microscope would prove an im- 
pediment to this remedy being adopted by the good people engaged in 
silkworm culture, he says to them: 

“If you tell me that you are afraid of the microscope and that its 
management does not appear easy, know that I have a little girl but 
8 years old who makes very good use of it.” 

But, in 1867, after having completely elucidated the fatal pébrine 
both in its theoretical and practical aspects, Pasteur was exposed to 
the intense mortification of receiving by every post letters loudly com- 
plaining of silkworm disease, notwithstanding the adoption of his pro- 
tective measures, and M. Duclaux, who assisted him throughout this 
laborious investigation, has described how one morning Pasteur came 
into the laboratory almost with tears in his eyes, and after falling into 
a chair disconsolately exclaimed, “Il n’y a rien de fait; il y a deux 
maladies ! ” 

Yes, there were indeed two silkworm diseases, and it was their super- 
position which was largely responsible for the circumstance that 
Pasteur so tardily arrived at the truth with regard to the corpuscular 
cause of the pébrine. 

Having thus successfully combated this first evil, the pébrine, he 
was now confronted with a second, the “ maladie des morts-flats” or 
“ flacherie,” as it is generally called. In studying this disease, which 
he showed to be of bacterial origin, he was brought in contact with a 
number of phenomena akin to those which obtain in the infectious 
diseases of man and the higher animals, and it was in investigating 
this sort of silkworm cholera, as I may call it, that he acquired a great 
store of ideas which he afterwards so successfully deployed into line in 
his brilliant attack on those subtle maladies which absorbed his 
energies in the later years of his life.* 

That he himself was deeply conscious of the educational value which 
these researches on pébrine and flacherie had possessed for him, is 
shown by the fact, which M. Roux relates, that in after years, when 
young medical men were aspiring to undertake pathological researches 
in his renowned laboratory at the Institut, he never failed to say to 
them, “ Lisez les études sur les vers 4 soie; cela sera, je crois, une 
bonne préparation aux travaux que nous allons entreprendre.”’ 


* Pathological Researches. 


Pasteur’s introduction to pathological phenomena in the shape of the 
silkworm’ diseases was spread over upwards of five years, 1865--70, 


* It is worthy of note that, in investigating the bacteria of flacherie, Pasteur 
found that they gave rise to oval bodies possessing a high degree of resistance ; this 
is the first instance in which spores were discovered in connection with a pathogenic 
micro-organism, : . 
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and it was during this period of time, namely, in 1868, that he suffered 
from that paralytic attack which so nearly deprived science of some 
of the most remarkable discoveries of the last quarter of a century. 
The physical effects of this seizure Pasteur never shook off, but after 
a partial retirement extending over two years he was able to resume 
his labours, and that his mental vigour was not impaired by this terrible 
visitation is sufficiently obvious from the monumental achievements 
which followed. Hardly, however, had he recovered from his illness 
and taken up the threads of his previous researches before the deluge 
passed over him once more, this time in the shape of the disastrous 
war of 1870, which, as we have seen, affected him more painfully than 
it is possible for us to realise. The war over, his invincible enerzy 
returning led him to undertake the Etudes sur la Biére, of which I 
have already endeavoured to give some outline, and in which we have 
seen that his mind was becoming more and more occupied with the 
analogies subsisting between the phenomena of fermentation and those 
of disease. 

The impulse to undertake himself, and not merely to inspire the in- 
vestigation of these morbid phenomena, became more and more dominant, 
until, in 1877, he yielded to its imperious bidding and embarked at the 
age of fifty-five on that course of pathological study from which he 
never swerved, and which was destined to make such an epoch in the 
scientific history of our times. 

The problem to which Pasteur first directed his attention in this new 
field had already attracted a number of investigators, amongst whom 
were a few men of the very highest ability. In the well-known infec- 
tious cattle disease called anthrax, Rayer and Davaine had already, 
in 1850, pointed out that microscopic, thread-like bodies were discover- 
able in the blood of the victims, but the importance of this discovery, 
like that of Cagniard Latour and Schwann in connection with fermen- 
tation, did not receive recognition, but was stifled by the “ Zeitgeist,” 
which had been created in physiology and medicine by the brilliart 

-researches of Helmholtz, Ludwig, Briicke, Dubois Reymond, and 
Virchow, in the same way as the significance of the yeast cell had 
‘been swamped by the mighty torrent of discoveries in pure chemistry. 
These filiform bodies were again seen and emphasized in 1855 by 
Pollender, but immediately afterwards brought into discredit by 
Brauell, only to be again rehabilitated in 1860 by Delafond, who first 
succeeded in cultivating them in blood outside the body. In 1863, 
Davaine, prompted by Pasteur’s work on the butyric ferment, returned 
to his researches on anthrax and demonstrated that the blood of ani- 
mals affected with anthrax could only communicate the disease when 
these rod-like bodies were present in it, and that if they were removed 
by filtration, for example, it was incapable of producing infection. It 
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was, moreover, in the study of this anthrax disease that the greatest 
living master of pathological bacteriology made his début; for, in 
1876, Robert Koch, then a humble Kreisphysikus in an obscure part 
of Germany, announced that he too had seen these od-like forms, that 
he had succeeded in cultivating them through a number of generations 
in blood serum and in aqueous humour, and, most important of all, 
that he had observed their mode of multiplication under the micro- 
scope, and had seen that they effected their reproduction, not only by 
fission, but also by the formation of spores, the incredible vitality of 
which he had demonstrated by actual experiment, showing that they 
“in kaum glaublicher Art und Weise ausdauern.” The importance of 
these spores in the etiology of anthrax he had further indicated by 
showing that they could lead to the infection of animals through the 
alimentary tract. A series of investigations, therefore, as remarkable 
for their completeness and convincing force as for the extreme simpli- 
city and beauty of the technique by means of which they were carried 
out, and sharply foreshadowing the magnificent work which was to 
follow from the same source. 

But, convincing as the proofs furnished by Davaine and by Koch 
appear to us to-day, they stood in much need of corroboration and 
extension at the time, for, as those of us who can look back twenty 
years into the past can well remember, it was with principalities of 
prejudice and with mighty powers of darkness that the new views 
concerning the bacterial causes of disease had to contend, and it has, 
doubtless, facilitated the victory of truth over the strongholds of 
effete, but all the more obstinate, tradition, that the assault was 
conducted by two independent schools of bacteriological research, the 
French and the German, each of which was stimulated to the highest 
pitch of activity by the fierce rivalry which long subsisted between them. 

Of the greatest value, therefore, in carrying conviction were Pasteur 
and Joubert’s new and independent experiments on anthrax, in which 
all the previous experience gained in the study of fermentations and in 
that of the silkworm diseases was brought into play. Thus the cultivation 
of the anthrax bacillus in large volumes of liquid media, and over 
such a number of generations that the original morbid material taken 
was diluted to the same extent as would be a single drop added to the 
ocean, finally disposed of the lingering idea that infection was carried, 
not by the bacilli, but by an amorphous virus present in the blood of 
the diseased animal. 

Again, as is so frequently the case in repeating and perfecting the 
experiments of others, new discoveries of the highest importance were 
made by Pasteur. It was thus that, in repeating the investigations 
of Jaillard and Leplat, which, some years previously, had so much 
damaged the bacterial explanation of anthrax, Pasteur, Joubert, and 
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Chamberland came upon the well-known vibrion séptique, now more 
commonly known as the bacillus of malignant edema, an organism 
giving rise to a deadly septicemia, and which, in its anaérobic mode of 
life much resembles the butyric ferment which Pasteur had so success- 
fully studied in 1861. It was further shown that, by inoculating 
harmless bacteria along with the anthrax bacillus, the latter may fail 
to produce its effect, a discovery which opens out a vista of possibilities 
which have, even yet, been hardly investigated. 

Another classical experiment belonging to this period strikingly 
illustrates the fertility of Pasteur’s imagination and the extraordinary 
good fortune which attended his speculations. It-was known that 
birds are absolutely insusceptible to anthrax ; this circumstance he 
was led to associate with their high blood temperature, namely, 42°. 
I think most persons would have dismissed this idea as a passing 
fancy, but Pasteur submits it to direct experiment; he reduces the 
temperature of a fowl to 38° by immersing its feet and hindquarters 
in water kept at 25°, and finds that, on inoculation, it now contracts 
anthrax, from which it can be made to recover by allowing it to gain 
its normal temperature. It has been subsequently shown by Gibier 
that, by raising the body temperature of frogs by means of warm 
water, these normally insusceptible amphibians can be made to con- 
tract anthrax. 

Having thus turned his attention to these pathological researches, he 
casts about him in all directions for material. He walks the hospitals 
armed with sterile vessels for the collection of morbid products, heroic- 
ally overcoming the natural antipathy of a sensitive nature to the sight 
of suffering and distress ; he cultivates the staphylococcus pyogenes from 
boils on the person of one of his assistants, M. Duclaux, and from 
its appearance and characters boldly asserts its identity with the 
organism .found in cases of osteomyelitis; he visits the Maternity 
Hospital, and discovers the streptococcus pyogenes, asserting it to be 
the cause of puerperal fever. In connection with this discovery, an 
instructive incident is related by M. Roux (Agenda du Chimiste, 1896, 
536) ; 

“One day, at a discussion on puerperal fever which was taking place at the 
Academy of Medicine, while one of the most distinguished authorities was 
eloquently descanting on the causes of epidemics of this disease at maternity 
hospitals, he was suddenly interrupted by Pasteur : ‘ce qui cause l’épidémie, 
ce n’est rien de tout cela: c’est le médecin et son personnel qui transportent 
le microbe d’une femme malade 4 une femme saine.’ And when the speaker 
replied that he was much afraid they would never discover that microbe 
Pasteur rushed to the blackboard and drew the streptococcus, saying ‘ Tenez 
Voici sa figure,’ ” 


The surprise, the stupefaction which this assurance of the novice in 
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pathological study caused amongst the assembly of learned doctors, is 
more easily conceived than described. 

There can be no doubt that the great fertility of Pasteur’s researches 
in so many different departments of science was due to his at once 
seizing on the essential point of a question, and that he always directed 
his attention to the main line of an enquiry, without allowing his time 
and energies to be frittered away by side issues and considerations of 
secondary importance. Thus, as we have so frequently seen, whilst 
there was no detail so insignificant as to escape his observation, yet 
these details were at once sifted by him, and only those which were of 
importance to his train of thought followed up. In fact, he entered the 
most widely different departments of knowledge, not because of his 
special interest in each, but only because the logical sequence of his 
ideas necessitated his passing from the one to the other. Thus in his 
biological studies he was utterly indifferent to those purely morpho- 
logical questions in which so many investigators in this branch of 
science appear to find a permanent anchorage, and an incident is related 
by M. Duclaux of an able morphologist who came to the laboratory 
one day and explained to Pasteur in the most courteous terms that a 
particular organism which he (Pasteur) had described as a micro- 
coccus was in reality a small bacillus, information of such vital im- 
portance to the microscopist, which only evoked the brusque reply, “ Si 
vous saviez combien cela m’est égal!” (Histoire d’un Esprit, 316) ; 
a remark which very clearly indicates his attitude of mind and his 
power of dissociating the essential from the non-essential, his dis- 
crimination between the things which belong to nature and the things 
which are the outcome of the vanity of man. 


Attenuation of Virus. 


The occupation of discovering pathogenic bacteria, fascinating as 
it was, could not permanently engross Pasteur’s attention, and his 
winged fancy rapidly soared beyond the mere etiology of disease. 
His mind’s eye had long been riveted on that great achievement of 
Jenner’s which towers in royal isolation above the plains of the medical 
history of centuries, an achievement which, as Herbert Spencer has 
pointed out, a grateful country has up to the present rewarded by 
a begrimed statue hidden away in an obscure corner of Kensington 
Gardens. frequented chiefly by nursemaids and _ perambulators. 
The thought ever present in Pasteur’s mind was to secure an 
immunity from those diseases for which the nature of the viruses had 
now been made known, similar to that which Jenner had secured in 
the case of a disease of which the virus is of so subtle a nature that it 
even still baffles the most modern methods of investigation. This 
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new ambition was destined to be soon realised through one of those 
events which, when occurring singly, appear to be wholly due to chance, 
but which when recurring again and again in connection with one and 
the same individual are the most unmistakable evidence of genius. 

All who have seriously worked with bacteria must have experienced’ 
the difficulties which stand in the way of taking any prolonged holiday ; 
to the chemist the vacation often comes as a welcome assistant in his 
researches ; refractory oils and unpromising syrups which are set aside 
almost in despair at the end of the term often greet us on our return 
to work with crystalline forms which gladden the eye and make the 
heart beat with redoubled vigour at the prospect of renewing our 
labours, but the bacteriologist returns after a hardly earned holiday 
only to find that the cultivations, which have perhaps taken him 
months or even years to obtain, are languishing or even defunct 
through the want of that maternal care which he was wont to lavish 
on them, or that they have suffered contamination while consigned to 
the stepmotherly care of some unworthy assistant. 

It was thus, in 1879, that, on returning from a holiday, which had 
interrupted Pasteur’s researches on fowl cholera, he found all his 
cultivations of the microbe of this disease either dead or nearly so, 
and that many of the animals which he inoculated with these exhaust- 
ed cultures continued to roam about their cages in apparent health and 
comfort instead of being stricken down with the malady from which 
before there had been no reprieve. Having ultimately again obtained 
a virulent culture, the idea occurred to him of re-inoculating the birds 
which had survived the previous treatment with the exhausted cultures, 
and what was his astonishment on seeing that these birds resisted the 
attack of the virulent organisms which proved rapidly fatal to those 
which had undergone no previous inoculation with the exhausted cul- 
tures. Here, then, was at last, after the lapse of nearly a century, a 
sequel to Jenner’s great discovery of vaccination, but a sequel with 
this important difference, that whilst Jenner’s vaccine for human 
smallpox was produced in the living tissues of another animal, the 
, vaccine for fowl cholera was produced in an artificial cultivation con- 
tained in a glass vessel. 

It must be noted that to this discovery were added several highly 
important principles, thus, firstly, that it is possible by suitable treat- 
ment to diminish or ‘ attenuate’ the virulence of a pathogenic organism 
to any desired degree ; secondly, that this attenuated virulence is here- 
ditary and can be propagated through practically an almost unlimited 
series of generations without alteration ; and, thirdly, that the milder 
type of malady which follows upon inoculation of such an attenuated 
virus or ‘vaccine’ is capable of protecting the animal from subsequent 
attacks of the virulent microbes of the same species. Moreover, this 
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protection is the more complete the more virulent the vaccine and the 
more recently it has been employed. 

Similarly, graduated vaccines were obtained of the anthrax « bacillus, 
and of the microbe giving rise to the malady affecting swine and 
known as Rouget de porc, or swine measles. 

The simple method of producing a vaccine which had proved so suc- 
cessful in the case of fowl cholera had to be slightly modified in the 
case of anthrax, for whilst the anthrax bacilli similarly suffer diminu- 
tion in virulence through ageing, the spores do not, their virulence 
being practically unaffected by time. It was necessary, therefore, to 
produce the anthrax vaccine by the ageing of a cultivation wholly free 
from spores, and this it was found could be done by keeping the cul- 
ture at 42—43°, at which temperature no spores are formed, and 
according to the length of time to which the cultures are thus exposed, 
more and more attenuated viruses or vaccines of anthrax are obtained. 

The successful preparation of a vaccine for anthrax was not merely 
of theoretical interest, as was that for fowl cholera, and it was, after 
several public demonstrations of its efficacy which I have not time to 
describe, put into practice on a large scale, in connection with which I 
would only refer to the statistics published by M. Chamberland in 
1894. During the previous ten years there had been vaccinated for 
anthrax— 


3,400,000 sheep . . with a mortality of 1 per cent. 
438,000 horned cattle with a mortality of 3 per mille. 


From these figures, the gain to the French farmer is estimated at 


5,000,000 francs for the sheep 
2,000,000 francs for the horned cattle. 


And inasmuch as England is particularly rich in individuals who 
have neither the instinct nor the education to appraise the value of 
scientific achievements according to any other standard than that of 
the coin of the realm, I would for their benefit point out that this 
single discovery of Pasteur’s has meant a gain to his country in 10 
years of £280,000 sterling. 

Science, however, obviously demands an answer to the question 
whether the converse process can also be realised; that is to say, 
whether a micro-organism can be artificially rendered more virulent. 
Pasteur furnished the answer to this question, in 1881 (Comp. rend., 
92, 433), by showing that the anthrax bacillus, after being almost 
wholly deprived of its virulence, could become again endowed with all 
its former activity by inoculating it into the most tender and susceptible 
of animals, such as a mouse a day old. ‘With the blood of this victim 
a somewhat older mouse is inoculated, and so on; passing then from 
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adult mice to guinea pigs, and from these to rabbits, sheep, and finally 
tothe most refractory animals in succession, the highest degree of 
‘virulence can be again obtained. These results, which might at first 
sight appear to be of purely scientific interest, have in due time been 
found also of enormous practical importance. 


Rabies, 


But, as is so well known, Pasteur’s researches in this direction were 
not limited to the attenuation of viruses as a means of preventing 
disease in animals only, his beneficent investigations were finally 
extended also to combating disease in man himself. These last labours, 
moreover, display in their highest degree those remarkable qualities 
which had characterised his whole career, and for the performance of 
these labours the powers and experience gained during nearly forty 
years of ceaseless scientific activity were called into requisition and 
submitted to the severest strain. 

It has appeared a most unaccountable circumstance to many that, 
in approaching the diseases of man, Pasteur should have made the 
selection which he did in taking hydrophobia as the first human malady 
to which he was determined to apply those prophylactic measures which 
had been found so successful in combating some of the diseases of 
animals, Thus, terrible as hydrophobia may ba to the individual 
afflicted, it is of little absolute importance .to the human race in 
general, claiming, as it does, perhaps a smaller number of victims 
annually than almost any other well-recognised malady. 

I cannot help thinking that, in making this selection, Pasteur was 
guided by that instinct which leads the experimental genius to choose 
those subjects of research which are ripest for attack at the time, and 
quite irrespectively of their immediate importance to the world in 
general. Experience has, in fact, fully demonstrated the wisdom of his 
selection of this comparatively obscure disease as the one on which to 
make the first assault with the scientific weapons which his researches 
on fowl cholera and anthrax had created. 

The wisdom of his selection doubtless depends on rabies being a well- 
defined disease in both animals and man, and that it can, therefore, be 
fully investigated by direct and real experiment on animals, and not 
merely by those statistical methods which have, in general, to pass 
muster as experiments in medicine. I venture to think that there is 
the more force in these remarks, from the fact that so much success 
has attended this attack on hydrophobia, in spite of our being even still 
in complete darkness as to the real nature of the exciting cause of the 
disease, for not only has the microbe of rabies remained undiscovered 
up to the present day, but rabies is not even known with certainty to 
be a microbial disease at all. 
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At the very threshold of this investigation, there was the obstacle 
of the exciting cause of the disease being unknown, and although this 
obstacle still remains, it has‘no more blocked the way to the discovery 
of preventive measures than did the same obstacle in the case of small- 
pox so many years before. 

A more formidable impediment to experimental progress was, how- 
ever, the uncertainty which attends the communication of rabies by 
ordinary inoculation, and it is obvious that, until this difficulty had 
been overcome, little or no way could be made with the investigation. 
It was here that Pasveur exhibited that experimental sagacity which is 
to be found in all his.work. It had been pointed out by Dr. Duboué, 
of Pau, that the seat of the disease in rabies is the nervous centres, 
and bearing this in mind, Pasteur conceived the idea of communicating 
the disease by taking the nerve tissue of an animal which had died of 
rabies and introducing it into the central nervous system, the brain, 
.of the animal to be infected. This proved to be the key to the situa- 
tion, as in this manner it was found that the virus could always be 
with absolute certainty conveyed from one animal to another. This 
ingenious mode of procedure, it should be pointed out, was not based 
on any pathological considerations, but was simply an adaptation of the 
principle which Pasteur had followed in all his researches both on 
fermentative and other micro-organisms, namely, to provide for each 
microbe that nutritive medium which was best suited to its particular 
requirements. 

To Pasteur, then, the nervous tissue of the rabid animal appeared 
as a pure cultivation of rabies-virus, and in this material he now 
endeavoured to induce attenuation on the lines which had proved so 
effective in the case of fowl cholera and anthrax. Nor did these 
theoretical anticipations prove illusory. Thus, by changing the medium, 
he found the virulence could be altered; by transferring the malady 
to monkeys, the virulence became attenuated ; by transferring it to 
rabbits, the virulence became intensified. But further, just as the viruses 
of fowl cholera and anthrax had been attenuated by the exposure of 
their cultures to the air, so he found also that the virus of rabies 
could be successfully attenuated to any desired degree by exposing 
the spinal cord of rabid rabbits to dry air for variable periods of time, 
and that if the exposure was protracted beyond 14 days, the virulence 
had altogether disappeared. 

Thus were acquired all the materials necessary for the preventive 
inoculation against this terrible disease. The method of putting it 
in practice I cannot do better than describe in the words of M. Roux, 
Pasteur’s able collaborateur in this, as in so many of his other masterly 
achievements : 
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“A dog which is inoculated with the spinal cord of 14 days’ age, and 
on the following day with that of 13 days, then with that of 12, and so 
on up to the fresh spinal cord itself, does not take rabies, and has become 
refractory to it. Inoculated in the eye or in the brain with the most power- 
ful virus, it remains well, Thus it is possible in 15 days to confer on an 
animal immunity against rabies. But human beings bitten by mad dogs do 
not usually develop rabies within a month or more of the bite. The period of 
incubation can, therefore, be utilised in rendering the bitten person refractory. 

“Experiments made on both bitten and inoculated dogs succeeded beyond 
all expectation. It will be remembered how, with the assistance of M. Vulpian 
and M, Grancher, these experiments were extended to man. Nearly 20,000 
persons have to-day undergone this antirabic treatment ; the mortality amongst 
these treated persons has been less than 5 per 1000.” 


The public expression of gratitude for this great discovery, conferring 
such an immediate boon and serving as the foundation for even still 
greater material benefits in the future, took the form of a general sub- 
scription whieh rendered possible the foundationof the Institut Pasteur, 
which the great investigator had long cherished as a dream, and the 
realisation of which was the delight of his few remaining years, and 
here, under the auspices of Duclaux, Roux, Chamberland, and Metschni- 
koff, the sacred fire kindled by tho “ grand Maitre ” is still burning. 

Long may this flame be fed within the temple where now rests in 
eternal sleep that hero of science whose greatest ambition was to be able 
in his last-hour to pronounce the words, so simple in their form, so 
boundless in their aspiration : 


“ j’ai fait ce que j’ai pu.” 


LXXII.—Dalton’s Law in Solutions (Molecular Depres- 
sion of Mixtures of Two Non-electrolytes). 


By Meyer WILDERMAN, Ph.D. 


It was Van’t Hoff who, in his paper, “ Die Rolle des Osmotischen 
Driickes in der Analogie zwischen Lisungen und Gasen” (Zeitsch. f. 
Phys. Chem., 6, p. 481) first drew attention to the fact that the equa- 
tions representing the generalisations arrived at by Boyle, Gay-Lussac 
and Avogadro, in the case of gases are equally applicable to dissolved 
substances if the osmotic pressure of the molecules dissolved be sub- 
stituted for the pressure of the gas. 

Van’t Hoff deduced these laws for solutions from thermodynamic 
considerations, a method which gives them increased validity, and 
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illustrated them from the osmotic experiments of Pfeffer and de Vries. 
At the same time, he was able to establish a thermodynamic relation 
between the osmotic pressure of a dissolved substance and the molecular 
lowering of vapour pressure, as well as the molecular lowering of the 
freezing point of the solution, thus furnishing a rational basis for the 
empirical generalisations'of Raoult and of Babo and Wiillner, who had 
previously investigated the same point. 

Soon afterwards, Max Planck also deduced Van’t Hoff’s laws from 
thermodynamic considerations, basing his investigations upon the 
principle of the increase of entropy “Princip der Vermehrung der 
Entropie ” (Ann. Phys. Chem., [ii }, 1887, 30, 562 ; 31, 189 ; 32, 462 ; 
1888, 34,139). Riecke obtained the same results in his paper on the 
thermic potential for dilute solutions, “Das thermische Potential fiir 
verdiinnte Losungen” (Zeit. physik. Chem., 1891, '7, 97). Lorenz 
deduced Van’t Hoff’s laws for dilute solutions from the standpoint of the 
kinetic theory, and so also Bolzmann (Zeit. physik. Chem., 1890, 6, 474, 
and 1891, '7, 82) and Van der Waals (Zeit. physik. Chem., 1890, 5, 
166). 

So far as we can judge from some criticisms of Prof. Fitzgerald, 
(Trans., “ Helmoltz Memorial Lecture,” 1896, 69, 885), he does not 
consider Van’t Hoff’s laws as being quite'in accordance with our kinetic 
views, although in another paper he calls Bolzmann the father of the 
kinetic theory. The opinion of such a prominent scientist deserves 
full attention, and all who are interested in the subject must regret 
that we have not a detailed treatment of the question by Prof. Fitz- 
gerald, including an examination of Bolzmann and Van der Waals’ 
views. Van’t Hoff has pointed out, however, that, as his laws were de- 
duced from thermodynamical considerations, they can only be disproved 
on the same basis, this being by far the most trustworthy method of 
investigation. Ostwald, also, thinks that if the kinetic theory in this 
case be not in accordance with thermodynamics, so much the worse for 
the kinetic theory, which he regards as having more than once proved 
incapable of giving what was expected of it; but, as stated above, 
Van’t Hoff’s laws have been deduced in different ways, not only on a 
thermodynamical basis, some of the most prominent representatives 
of the kinetic theory considering them a necessary consequence of 
kinetics. 

In conclusion, I have to mention Poynting’s very interesting paper 
(Phil. Mag., 1896, 1'7, 289), in which he tries to disprove Van’t Hoff’s 
laws and the theory of dissociation. His whole theory is intimately 
connected with the current view that at the point of equilibrium two 
opposite processes, condensation and evaporation, take place. On 
another occasion, I will show in detail that this conception of the pheno. 
menon at the phase of equilibrium is untenable, since at the point of 
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perfect equilibrium no reaction takes place, and above or below it only 
one, condensation or evaporation, can occur (see Report of Brit. Assoc., 
1896, “On the Velocity of Reaction before Perfect Equilibrium ’’). 
For this reason, it seems to me, Prof. Poynting’s deductions cannot 


be upheld. 


Dalton’s Law in Solutions. (Molecular Depression of Mixtures.) 


After Van’t Hoff had shown that the generalisations arrived at by 
Boyle and Gay-Lussac in the cases of gases are equally applicable to 
dissolved substances in dilute solutions, the conclusion appears inevit- 
able that the third gaseous law, the law of Dalton, holds good in dilute 
solutions also. Starting from the notion of osmotic pressure, we are 
easily able to show by Van’t Hoff’s method that a law analogous to 
that of Dalton is applicable to dilute solutions of two or more sub- 
stances. The freezing point method gives the safest means of proving 
Dalton’s law, as we are able to investigate mixtures of substances with 
normal depressions as easily as a single substance. Henry’s Law of 
Absorption, applied to gaseous mixtures, is by no means as certain as 
the freezing point method, for the following reasons: firstly, Henry’s 
law can only be verified in the case of a very few gases; secondly, 
the constant of absorption in water is different trom what it is in 
solutions, and up to the present we have no satisfactory knowledge 
of absorption phenomena ; thirdly, the absorption phenomena are often 
complicated by the chemical action of the absorbed gas on the dis- 
solved substances ; fourthly, the number of gaseous mixtures which 
could be used with prospect of success is very limited. On the other 
hand, measurements in the case of the freezing point method admit of 
greater accuracy, and all the difficulties just mentioned can easily be 
overcome by using this method. 

According to Dalton’s law, the total pressure of a gaseous mixture 
in a given space is equal to the sum of the partial pressures of each 
of the constituents (provided the gases do not act on each other 
chemically). In a solution of two or more substances, it means that 
the total osmotic pressure of two or more dissolved substances is equal to 
the sum of the partial osmotic pressures of each of them (provided they 
do not act on each other chemically). From the connection between 
osmotic pressure and the freezing point depression, it follows that the 
total freezing point depression is equal to the sum of the partial 
freezing point depressions of each of the dissolved substances. 

We arrive at the same conclusion starting from the principle of 
entropy (Planck), or from the thermic potential (Gibbs, Riecke). I 
shall only consider the first. 

Planck’s general equation for equilibrium is: 3(¢-log C)+ 
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v,($, — log C,) +¥,(¢, —log C,)+ . . . =0, or Sv log C+,’ log C, + 
v, log C,+ .. . =Svht+v,9,+%b.+ -.. (I), in which 
oc sd a ae al oo No 
NEM +NM +... 1 nt+nt+Ngt.. 2 2 n+n+n+... 
Let the given heterogeneous system be: nH,O, n,m, +’H,0, 
that is, one part consisting of ~ mol. of water in which m, mol. of a 
substance is dissolved, and the other part of m’ mol. of ice, then 


-_ n _ ny 
C= a +n, =n +n, | 
when one molecule of water has separated as ice, we have: v= —1, v, =0 
v' =1, therefore when equilibrium takes place —-logC = - 4+ ¢’, (dis= 
‘u2 oe A in which s is the entropy, u the energy, ¢ belongs to the 


unit molecular weight of water, ¢’, to that of ice.) Since n, is very 


, C!=1; and for the change of number of molecules, 


small in comparison with n, we have —log C=" ¢ -¢. Thisequa- 


tion is somewhat different in form if we substitute the numbers for 
¢ and ¢. , 

If the freezing temperature of pure water at the atmospheric pressure 
p be 6, we get, developing ¢’, @ in powers of (0—6,) ¢ =¢)+ 


(3s ) (6—0,), db=¢)+ (S) (9—6,). Limiting the series to the first 
0 0 

power, (9—6,) being very small in dilute solutions, we get ¢ =¢')+ 
bq’ ) ‘ , 

(3), "@- 4%) b= 0+ (55), @-6) and ¢'-$=$'y- $+ (0-%) 


{ () ~() \ but as $') +o) = 0 (the equation for equilibrium of 
0 0 


30 dp 
a system of bodies of invariable composition being vf +v'¢' + vp" =0, 
=) U'o+pv' (2) 


and in our case v=1, v'=1) and also (33 ae 36 


b= 

CT PM% 
F, 

of water and ice at the temperature 6, and atmospheric pressure p) we 


have “4 = (6-6) ( =e “he + P(v'o- %) ) Here (u', — u)) + p(v'y — %) is 
0 


the latent heat of fusion of a molecule of ice @, (with negative sign), there- 


in which v',, ¥, U'o, Up are the molecular volumes and energies 


fore = = (4 - 9-20 (A). This is Planch’s deduction (Ann. Phys. Chem., 
1 


1887, [ii], 32, p 499). The reasoning remains the same if two or 
more substances are dissolved. Let the heterogeneous system after 
the separation of ice be: nH,O, nm, nym,..., WHO. 2 is 
the number of mol. water, », the number of mol. of one and m, that 
of another dissolved substance... , »’ is the number of mol. ice). 
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Here are: 


n | No 


+N, +My... WN, + Ny + ...? nn, tn, + eae 


, &e., 


When one mol. of water has separated in the form of ice, 
=0, ¥,=0... o=1, and (I’) acquires the form - log C= 
—¢ +¢ or = tet _ =o—¢’, (C having nearly the value of 1) 
Continuing in the same manner as before : 
NM+NMt+ ... 
ee =(6—O)g? (B)- 
The equation (B), taking into ‘oe (A), can also be written 
me Me = (0,- oe + (0 - os (B}), in which “= (0, ~ 6) 


n 


“2 = (0) - 6 and 6, -6’)+(0,-0")+. = (6-6). 


@")@ #,: 

In the same way, it is obvious that the total lowering of the vapour 
pressure of a solution containing two or more dissolved substances is 
equal to the sum of the partial lowering of the vapour pressure due to 
each of them when alone in the solution. 

Van’t Hoff, as well as Planck, have tacitly assumed, with Arrhenius, 
the existence of Dalton’s law in his explanation of “abnormal” depres- 
sions. They assume that the molecules of a dissolved substance with 
an abnormal depression are partly dissociated into ions, and regard the 
“abnormal ” depression as the sum of the partial depressions due to the 
undissociated molecules and their ions. In the case of an electrolyte 
(substance with an abnormal depression), on the one hand, we are 
practically unable, because of the peculiar nature of the phenomena, 
to separate the different kinds of ions from each other and from the 
undissociated molecules (see Nernst on Diffusion), and are consequently 
unable to directly measure the partial osmotic pressures or the partial 
freezing point depressions, &c., under condition of being alone in the 
liquid; on the other, we are able to do this in the case of a mixture con- 

, taining two or more non-electrolytes with a normal depression. Here we 
can directly measure the total as well as the partial osmotic pressures, the 
partial freezing point depressions, &c., giving undoubted confirmation 
to Dalton’s law. 

For the theory of dissociation, therefore, the direct experimental 
proof of Dalton’s law for a mixture of non-electrolytes means that one 
of the thermodynamic generalisations with which it is intimately con- 
nected has been experimentally verified. Since Van’t Hoff’s law of 
molecular depression as deduced by himself and subsequently by 
Planck, Riecke, and others, holds good provided the solution is very 
dilute, it is obvious that Dalton’s law also can hold good only in very 
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dilute solutions; we can assume that the cohesion between the 
molecules of the different dissolved substances can also be neglected 
under these conditions. 

In order to keep the experimental error as small as possible, I used 
the following method. 

After the freezing point of water was determined, a certain 
quantity of a given non-electrolyte, urea, for example, was dissolved 
in the water and the fréezing point of the solution determined. This 
enabled us to ascertain the freezing point depressions which belonged 
to the first non-electrolyte in the different experiments (taking into 
consideration the quantity of the liquid removed from and added to 
the solution in different experiments) quite independently of the con- 
stant belonging to the first electrolyte, and of the correct determination 
of the quantity taken. 

The experimental error was thus reduced to that of the second non- 
electrolyte ; Table I gives the experimental data.* In Table I: 

a—is the number of molecules in solution per litre (in pure water 
this is 0), 

y—the freezing point of the water or the solution as read on the 
rho? and yo'55° thermometer. 

5—the number of readings of the temperature made after the 
freezing point has been reached. 

e—the limits within which the readings of temperature varied. 

¢—the time over which the readings extended. 

b—the amount of overcooling or difference between the temperature 
of the solution before and after the formation of ice, these tempera- 
tures being read on the ;3,° thermometer. 

c—the temperature of the ice-bath. 

c’—the temperature of the room. 

k—the reading of the barometer in mm. 

From this table, II is deduced, and in it are given : 

Under a, and a,—the observed depression of the first introduced 
non-electrolyte on the zg55° and zgo° thermometers. The first 
number only is the observed number, all the rest are calculated under 
the assumption that the depression is directly proportional to the 
quantity present in the liquid. 

Under a, the gram-molecules of the second non-electrolytes per litre. 

Under a,.and a,, the total depression of both non-electrolytes, as 
observed on the zy/55° and zhy° thermometers. 

Under K,—K,, the changes of the barometer, counting from water 


in mm. 
Under a, corr. and a, corr, are given the values which are obtained 


* The results with resorcinol communicated to the Zeit. physik. Chem., 6, 19, as 
a preliminary note on Dalton’s law. 
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from a, and a, when the correction for atmospheric pressure has 
been applied (for the ;g'55° and 535° thermometers). 

Under a, corr. and a,fcorr. are given the depressions belonging 
to the first non-electrolyte, after the corrections for the separated ice 
have been applied. In the first instance, the first observed depres- 
sions a, and a, must be multiplied by 1: d (d is the first factor given 
in each table) in order to get the depression of the first non- 
electrolyte, if no ice were separated. All other a, and a, must 
besides this be multiplied by their own factor d belonging to the 
given experiment in order to know the depressions which pertain to 
the first non-electrolyte after separation of the ice, 

Under 6 are given the overcoolings in degrees of temperature. 

Under c the quantity of separated ice in per cent. of the total quan- 
tity of water taken (calculated from 5), 

Under d.the factor with which the number of molecules taken of 
the second non-electrolyte must be multiplied in order to get a corr. 

Under a corr. =a.d, that is the gram-mol. of the second non-electro- 
lyte per litre after the separation of ice, 

Under a, and a,, the depressions, which belong to the second non- 
electrolyte, are given (for the ;,55° and ;},° thermometers) in : 

Gi, =, COrTr. — @, Corr., 
Gg, = Gy COrY. — G, COrT., 

Band pf’, Van’t Hoff’s constant as obtained for the second non- 
electrolyte on the zo455° and ;j5° thermometers. 

F gives the correction which is to be added to the a,(a,;) in order 
that the influence of temperature on the read freezing point may be 
eliminated. 

B’ ‘and B",) are the molecular depression obtained with the ;j,° 
(and ;55°) thermometers, after the correction has been applied. 

Thus, Dalton’s law is very well confirmed by the results obtained 
with the ;;/55° thermometer, and again although less satisfactorily with 
the ;},° thermometer. Not only do we obtain a very good constant 
for the second non-electrolyte, but on comparing the results found 
here with those obtained when it is dissolved by itself in water, the 
agreement is excellent, in no way inferior to what it is when the 
determinations are repeated with the same body at different times. 

As we get Van’t Hoff’s constant for the seeond non-electrolyte, we 
have simultaneous evidence that the depression of the first non- 
electrolyte was calculated under a current assumption, that is, that 
the freezing point depression of the first non-electrolyte remains the 
same whether it is alone or with others in the liquid, 


VOL, LXXI. 


wh 
a 
° 
ce 
= 
=) 
= 
° 
n 
vA 
— 
3 
< 
= 
m 
4 
° 
& 
| 
< 
AQ 


WILDERMAN 


ee “eé 
ce ce 


“20r INOUE AA 
“peaoulel 907 


€-1gL 
1-092 
L-094 
1-092 


él 
OL 
Or 
or 


“(L) 9128-0 


(9) ¢zgs-0 
L0FS-0 
0898-0 


(L) 9138-0 
938-0 
TOPs-0 
0898-0 


89TOTO-0 
Z01¥00-0 


"voll 


T1ZZ0-0 
$9Z60-0 
6220.0 


0 
‘reSns 


-emed jo ‘dog 


‘(‘10qT, .OO0T/T) 9%4Q pun wwbns-ounp 


“paulIo} edt ONT 
*PoAoUal 90] 
*pourIoy eo] 


692-1 
640. T 


6LT-T 


898.0 
896-0 


88P-% 
v0S-3—§08-2 
069.—619.% 
08g. 6868. G 


089-3—629.3 


88P-S 
0809-2 
0619.3 
9869-6 


F6L9-3 


6890-0 
¥&1Z0-0 
$80Z10-0 
¥E8900.0 


0880-0 
€T¥0-0 
6440-0 
8870-0 
£090-0 

0 


Fy 


‘(UIE T, .OOT/T) 20ur0u08ayy pun vas 


"deo oor QnOuIT A 
*‘POAOUIAL 90] 
*poul1oj 907 


998-0 
898.0 
€96-0 
692-T 
670. I 


6LT-T 


or 
ai 
OL 
él 
SI | 
“é {| 

| SE |e 


| 


819Z-0—L193-0 
0912-0—69 12.0 
b16Z-0 
F80E-0—T180E-0 
9LT8-0—-SLTS-0 


T0L8-0—6698-0 


| 


| (8) L19%-0 
(09) 6922-0 
| «16-0 
| (¢) 2808-0 
9418-0 


0048-0 


&8980-0 

¥8120-0 
| $80L10-0 
| 8800-0 


| "vain jo "deg 


| () 8680-0 
| (4) 9260-0 
| (b) T89F-0 
(F) $090.0 
(2) 290-0 
0 

0 


("orA94T, OOOT/T) 20mo1080y pun val) 


| 


¢ 


6 


| 
| 


2 


‘| X1avy, 


Ot | 6F1-F 6F1-F Z1990-0 FS10-0 
rip OST-F—6L1-F OSI-F 89880.0 6610-0 
ot 00-4—661-F S661-F 691Z0-0 6020-0 
Or 02-4 —61Z-F 161%-F PI9TO-0 6120-0 
ot 62Z-F—822- F 9822-F $010.0 $2Z0-0 
OL (8) L5%-F—LbZ-5 ZLPG-F $80.0 
Ol 113-6—022-F GOLF 0 


*PoUlIOJ 901 ONT 
*P2AOUIEL 9] 


CO ht iy iy iy I 
ty Ih De Pe Ds Pe li 
COOP DnonNn 
cocoon naAN 
ANNAAAA 


GVbS-0—TLPFFZ-0 | &19¢0.0 * SL10.0 
G91Z-0 —PS1z-0 89860.0 8610-0 
$96Z-0—Z962.0 6920.0 020-0 
99TE-0—P9TE-0 FI9TG-0 §1%0-0 
L9Z8-0—G9E.-0 €Z010-0 8120-0 
GS78-0 - LGZ0-0 
06L98-0—8298-0 a 0 
"98014 
-xop jo ‘deg 


*PoULLOJ 901 ON 
*poaoulel eo] 


wn 
a 
°o 
— 
& 
~ 
«| 
i) 
RD 
Z 
_- 
= 
=< 
a 
m 
Z 
= 
~ 
= 
= 


ocooocnnaAn 
NANAAAAAN 


° 


Pe Pe I Dw Do I 
cooornmon 


"Bolt 


WILDERMAN 


“‘penunyuoo—] AAV], 


H 
a 
=) 
F 
«| 
i) 
2) 
Z 
—_ 
a 
oe 
a) 
a 
>) 
a 
4 
=< 
a 


WILDERMAN 


*POULLOJ 901 ON 
a ee Ss 
ce ee 
*poUlIO} 901 ON 
‘q[nq oy} UO peULIOJ ed] 


ANANAAAA 


(¢) BES. 
(L) 099-2 
(6) 896.2 
698: 
L9¥-Z 
96F-% 
LIG.Z 
(6) 899.2 


9¢810-0 
9600-0 
0 
980T-0 
9190.0 
L9660-0 
£080-0 
0 


*(‘ULIOYT, .COT/1) 994Q pun joyoory 


‘podde, A[Su014s e10Ul J] 


*PpOULIOJ Od1 ON 


“‘poul1oy od] | 1.8 


6.1- 6FL-0 
$8.1 - L¥L-0 

| 98.1- 926-0 
| 941- Z16-0 


| 
3-946. I— | 828-0 


or 
or 


8 


oe 


OL 


€98Z-0—Z98Z.-0 
9P8E-0—SP8E-0 
SETP-0—9ETPF-0 
O9€?P- 0- 6987-0 


| .S98h-0O—S98F-0 | 


(8) Z98Z-0 
(9) ¢#88.0 
(8) LELF-0 
(09) 6&8F-0 
(I) 0887-0 | 
(G) $98F-0 | 


980T-0 
9TS90-0 
L9680-0 
20860. 0 


0 


‘(‘WIEGT, .OOOT/1) V94Q pun joyoo)y 


‘penurjuoo7—] AAV, 


a] 
A 
S) 
Lomi 
a 
=) 
4 
s} 
mM 
z 
— 
- 
<j 
| 
nn 
Az 
fo) 
: 
A 


‘L1ZZ0.0 MOIVIyMWOOMOD eY4 Jeye UeyOIq Ieyvog , 


g+ 
gt 
p+ 


¥-98T 


\(€-061) &-68T \(9) 610-0 


$1100-0 


0S0L0-0 
8S1F00.0 


62-86: OOL 
92-86: 0OL 
LL-86 = 0OT 


G12. | 829-1 
8&3-T | 866-0 
123-1 | 686-0 


G1ZZ0-0 
€9220-0 
(39ZZ0-0) 


v0E0-0| 0 
6220-0} 0 


(G) 9LF0-0| 9-0+ \(S) FLFO-0 
4080-0 
620-0 


89TOLO-0 
LOTPO0-0 


T1&Z0-0 
9320-0 
6220-0 


(1) 91ZE-0 09 


OF9E-0 ‘TOK 


«(WIE T, .0OOT/1) 294Q pun wmbns-euwp 


“ABT 
8,003[8q] 


sousteyIq 


*s-0T Xf 


*MBT 
8,m0}["C 


*BOl() 
"1100 *y 
— ‘1100 
= "1100 %p 


"ealy) 
“yo 
= ‘1100 », 


| 


‘Bns-eueo 
x 
1186-0 


x 8p 


| = “L100 ®y 


_ ‘Hoo lp |+y—r4| “ly 


A 


*sqo Bain pue iedns 
-9UBd JO uoIsserdoep [ez0], 


“redns 
-2uBQ 
*sqo UOIS 
-soidog 
8p 


srt | 
bL+ 
9g+ 
LE+ 


9-I8T 
v.81 
§-36L 


600-0 
9TE0-0 
VILO-0 


*1100 
%) — "1100 
Sy = 9p 


¥91Z0-0 
bSL10-0 
826900.0 


€6-86 * OOT 
[8-86 : OOL 
TP. 86 * OOT 
69-86 * OOL 


310-0 
8FF0-0 
6840-0 


*1100 °9 


vT60-0 
9910-0 
€090-0 


*1100 % 


v160-0 
090-0 
¥090-0 
8090-0 


~ 


oy 


bELZ0-0 
Sg0L10.0 
vE8S00-0 


€1F0-0 
6470-0 
8870-0 
8090-0 


y 


‘(meq y, .001/T) 


JOUL0L0SaT PUD DAL) 


(F. 
(Z. 


6-S8L 

$-981 
181) 6-281 
L8T) 6-881 


2690-0 

GI90-0 
(¢) 6280-0 
(1) ZL 10-0 


6GL80-0 
0920-0 
¥ZL10-0 
8Z6900-0 


€6-86 * OOT 
$6.86 * OOT 
T8- 86 : OOL 
TP-86 = OOT 
69-86 * OOL 


040-1 
$20.1 
T6L-1 
989-T 
TIé-T 


998-0 
898-0 
$96.0 
692-T 
670-T 


(§) 2680-0 
(9) G360.0 
($) 2960-0 
(¢) 090-0 


(¥) S80T.0 
(0) L¥60-0 
9820-0 
9190-0 
(¢) 390-0 


(3) $80L-0 
(0) L#60-0 

9820-0 
(2) 8190-0 
(g) $290.0 


6890-0 
¥&L20-0 
S80Z10-0 
¥88900-0 


(¥) 8680-0 
(2) 9240-0 
(+) 8960-0 
(+) $090.0 
(g) $290.0 


(8) L193-0 94 OOLE-0 ‘eTV9g “(“HIEYT, .OOOT/I) 20224080 pun we4: 


WILDERMAN 


*[OUIN1080 yy 
‘00 
. “1100 9 
-OTXS]| , = 
"MB'T 8 OTT BCT 


"Boll 


‘dag 


[ouTNIOSeyy 
"1109 
&y — "1100 


“1100 “p | +424 \ "Bal 
™ *sqo WOIS 


-soidogy 
&y 


[Outo10seyy 
“po 
= ‘1100 » 


A 


. 


Y “ULOIOSEY 
"SqO [OUTOIOSEL pus 7) 
eoIn Jo worsseldep [¥40], 


a 


? 


"Jos oy Jo 
Ul 991 


8,104, 8q 


*s-OT x 
sdTeteyt 


= "1100 ®y 


/. 


‘II @1TaAV EGE 


SS0T-0 | 9990-0} 10-66: 0OT | 8826-0 | 6r1-0 GE8T-0 9TSI-O GIZ1-0| 31990-0 v8T0-0 
2010-0 | 906€0.0 | 0-66: 00L | 1496-0 | 082-0} 98610.0 9060-0 060-0} 8980-0 6610-0 
6670-0 | 66220-0| 26-86: 00L | 640-1 | 048-0} 8800-0 8020-0 1010-0} 69260-0 6020-0 
0620-0 TE9L0-0 | 96-86: 00L | GPO. | 0F8-0) L81Z0-0 6090-0 8090-0} FL9TO-0 6120-0 
9610-0 GS0T0-0 | 8-86: 00L | LL1-T 676-0 ¥ZZ0-0 0370-0 6170-0} 3010-0 5320-0 


oe a 68-86: OOT 8I-L | 296-0] $020.0 $820-0 €860-0 €&30-0 


“GFL-F OF GOLZ-F TVG “(UIEMT, .OOT/I) VQ pun ss0.wa”T 


L&Z1-0| G1990-0 8210-0 
$360.0} 8980-0 S610-0 


6-0+ 
€-88L| 810-0} 90680-0| $0.66: 001 | 296-0! 084-0| 92610-0 8260-0 | 6-0+ 
6-0+ |(9) 4220-0} 6920-0 $0Z0-0 
6-0+ 
6-0+ 
L-0—- 


0 
0 

(€-88T) 6-281 |(4) 9390-0} 66420-0 | 26-86: 00T| 620-1 | 028-0 | 8200-0 \(08) 6220.0 
P-98L | 080-0] IS910-0] 96-86: 001] ZFO-L| 068-0] L42120-0 1140-0 

0 

0 


F1S0-0|} PL9TO-0 €120-0 
8-261 6610-0} G80T0-0 | 38-86: 001 | LLI-T | 646-0 8120-0 LT¥0- 


PIP0-0} SZ0T0-0 8120-0 
1620-0 ni 


9-181 2901-0 F9990-0 | 40-66: OOT | 8826-0 | 6h2-0 | GLLT0-0 OFGT.- | 
| 


| — | 88-86: 00T| SI-T| 396-0] (¢h2z0-0)} £220. 


160-0 


a 
a 
=) 
— 
al 
Pp 
a 
>) 
N 
4 
— 
= 
< 
a 

mn 
a 
(=) 
& 
= 
= 
= 


‘CEPS-0 99 6198-0 “eTV9G }=*(‘UIIOTT, .OOOT/T) VQ pun asoujwacy 


| | 
| | E | 
| | ‘4100 Up | Sy—ty| “Ip *OSO1}X9(T 


“ABT Ss 
Smoyeq | — ‘1100 'p i= "1100 *SqO BoIN PUB 9SOI} 0 -sordeq 
| 


$1038 (| 


—01 x 
eoUdIOYt 


WILDERMAN 


-xop Jo worssaadep [840], ie 


‘penuyuoo—T[ AIAVY, 


755 


¢-681 
6-281 


G-68T 
6-281 


P88T0-0 
€1600-0 


1960-0 
8210-0 


0980-0 
0810-0 


(Z-€8L) $-Z8T 
(Z8L) 2-081 
(O81) #-Z21 


(€-€81) L-6LT 


(¢.Z81) 9- 18T 

(9-I81) 8-62 

(1-611) 3 LLT 
(8.881) 


960T-0 
T9990-0 
L00%0.-0 


| 


| (008) 661-0 
| (1) 001-0 
| (3) 120-0 


(002) 661-0 
(Z) LOL-0 
($) 320-0 


| 


L-6L1 1820.0" | | (8) 190-0 


| 


(2) 120-0 | 


"69E-Z 99(6) 89G-Z PT80g “(HICH T, .OOT/1) 94Q pum joyoojy 


P8ST0-0 | 


LEST 
G-Z8T “1100 


69-86: OOT Slh-T SLT | 9F€0-0 
| G000-0 + “1100 
040-T | PLLO-0 


| 


6SE0-0 998T0-0 


99-86: OOT | 8eé-T 6210-0 09600-0 


N 
Aa 
° 
— 
i 
2 
~ 
° 
i] 
ZA 
— 
= 
< 
_ 
2) 
v4 
=) 
& 
a 
a 


9601-0 | 90-66: 00T | 986-0 

*9. PRL “1100 
G.S8T 19¢90-0 
6-F8T L00%0.0 
$-S8T 188Z0-0 


671-0 


L¥L-0 | 
926-0 | 


8106-0 
|.9000-0 — “411090 
GE0L-0 
140-0 
0290-0 


8102-0 9801-0 


10-66 * OOT 
8h-86 + OOT 
98-86: OOT 


Se0T.0 
£920-0 
160-0 


9T990.0 
29680.0 


616-0 0820-0 


‘(g) Z98Z-0 99 (G) F98F-0 FTROG ("MIE T, .OOOT/T) VQ puw poyony 


WILDERMAN 


| "1100 9 
‘OLX S| ‘OOL X Tio0 p ~ 9 
| “MUTT 8,109, 


| 


“ ri 2 
“MOT § u0oT[eq =a00 


“1109 'p 


“‘panuyuoo—]J AAV, 


756 BROWN AND PICKERING : THERMAL PHENOMENA ATTENDING 


LXXIII.—Thermal Phenomena attending the Change im 
Rotatory Power of freshly prepared Solutions of 
certain Carbohydrates, with some Remarks on the 


Cause of Multirotation. 
By Horace T. Brown, F.R.S., and Spencer U. Picxerine, F.R.S. 


Ir has been long known that, at the moment of entering into dissolu- 
tion in water, certain carbohydrates exhibit an abnormal power of 
circular polarisation, and that optical stability of the solutions is only 
slowly attained under ordinary conditions of temperature. This pro- 
perty was observed in the first instance in dextrose and milk-sugar, 
and it came to be described as birotation, as the circular polarisation of 
the freshly prepared solution was believed to be twice that of the same 
solution after it had reached the point of optical stability. 

We now know, however, that, in the cases alluded to above, the 
relation of the higher and transitory to the lower and stable rotation 
is never in the simple proportion of 2: 1, and that in one notable case, 
that of maltose, the rotatory power of a freshly made solution is 
actually Jess than that of the solution after standing some time. 
Moreover, certain carbohydrates, such as dextrose and milk-suga, are 
capable of existing transitorily in solution in more than two different 
optical modifications. It is better, therefore, to abandon the term 
birotation as descriptive of these phenomena, and to adopt the expres- 
sion multirotation, as first suggested by Parcus and Tollens. 

Contrary to what is generally believed, multirotation is not confined 
to recently made solutions of the substance in a crystalline or amorphous 
form, but also characterises the first appearance of the substance 
when it is produced by the hydrolysis of another carbohydrate 
of greater molecular complexity. Thus, O’Sullivan and Tompson have 
clearly shown (Trans., 1890, 57, 920) that when dextrose is liberated 
from cane-sugar solutions by hydrolysis with invertase, it has, at the 
moment of formation, the abnormally high specific rotatory power of 
freshly dissolved dextrose ; and it has also been shown by one of us 
and Morris (Trans., 1895, 67, 309) that, on starch being hydrolysed by 
diastase at ordinary temperatures, the maltose formed possesses, at the 
moment of liberation, the lower specific rotatory power characteristic 
of freshly dissolved maltose. 

The object of the present investigation was to ascertain if these 
changes in optical properties are attended by any liberation or absorp- 
tion of heat. The necessity for the inquiry arose in the first instance 
during a research which we have been recently carrying out on the ther- 
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mal phenomena of enzyme action, described in the next paper. Apart, 
however, from this special application of our results, we believe they 
are in themselves of sufficient interest to be placed on record, for at 
the present time we know so very little about the chemical or physical 
causes which determine multirotation, that any evidence of the exis- 
tence of correlative phenomena must be acceptable. We hope ulti- 
mately to carry our enquiry very much further than we have done at 
present, and, in considering our results, we must ask chemists to bear 
in mind that our examination of what promises to be a subject of 
considerable interest in itself has been carried but very little further 
than was necessary for the purpose of our original investigation. 


Dextrose. 


Parcus and Tollens (Annalen, 1890, 257, 160) found the specific 
rotatory power of dextrose, within 54 minutes of its dissolution in water, 
to be [a]p 105-16°, a value which diminished rapidly on standing at 20°, 
until the normal rotatory power of [a], 52°49° was reached in from 5 
to 6 hours, 

In an investigation the results of which were published in 1895, 
Tanret (Compt. rend., 1895, 120, 1060) describes three optically modified 
forms of dextrose. His a-dextrose corresponds to the so-called bi- 
rotatory dextrose, produced when ordinary crystallised dextrose is first 
dissolved in water, his B-dextrose being the ordinary optically stable 
modification. He also describes a third modification, y, which is pre- 
pared by heating amorphous dextrose to 100—110°, and has an ab- 
normally low rotatory power when freshly dissolved in water. 

Both a- and y-dextrose are slowly converted in solution into the stable 
B form. 

As dextrose is liberated from a hydrolysing cane-sugar solution in 
the a form, it was sufficient for our purpose to determine the thermal 
constants for the conversion of this form into 8, and we have con- 
sequently left untouched the question of the change of the y into the 
B modification. 

Although the transformation of a- into f-dextrose requires some 
hours at ordinary temperatures, it can be effected almost instantaneously 
by heating the solution, or by the addition of a very small amount of 
an alkali, which need not exceed 0-01 per cent. of the weight of the 
solution (Tollens and Schulze, Annalen, 1892, 271, 219). It is this 
latter method which is alone applicable in calorimetric determinations. 

The heat of transformation of a- and y-dextrose into B, in the solid 
state, has been measured by Berthelot (Compt. rend., 1895, 120, 1019). 
He dissolved each of the forms separately in water and measured the 
heat absorbed ; to the solutions was then added a certain amount of 
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soda solution, and the heat disengaged thereby was measured. The final 
products in each case being the same—the B modification—the data 
gave the heat of transformation of a and y into f, referred to the con- 
ditions in which the substances were taken to start with, that is, the 
solid condition. 

Berthelot found that the change of state of anhydrous a- into an- 
hydrous f-dextrose results in an absorption of -1550 cal. per gram- 
molecule, or — 8°610 cal. per gram. He further states that, in the 
dissolved state, which is, of course, the condition under which, for our 
purposes, the enquiry has to be made, the heat of transformation is in- 
appreciable ; and this would probably have been the case with the par- 
ticular instruments he used in his determinations. 

The heat of transformation referred to the solid condition gives, 
however, no information as to the real value of the molecular change 
occurring, since this change may be entirely masked by the different 
heats of dissolution of the solids, and, indeed, as will be seen below, 
this is actually the case, the heat of transformation of a-into B-dextrose, 
when occurring im solution, being a positive instead of a negative 
quantity. 

When dextrose is dissolved in water in the calorimeter, a consider- 
able fall of temperature occurs, and, before adding the small amount of. 
alkali to effect the transformation of the higher rotatory modification 
to the optically stable 8 form, it is necessary to determine the rate of 
cooling (or heating) in the calorimeter at the temperature attained. 
This cannot be done satisfactorily in less than 4 or 5 minutes, and 
during this time the a-dextrose will have undergone a certain, though 
small, amount of change. In order to estimate the amount of this 
change, a series of experiments was made in which the alkali was 
added at various intervals after the solution had been made, and in 
plotting out the results the thermal value which would have been 
attained, had it been possible to add the alkali at once, was easily 
deduced. In all the other series of experiments, the alkali was added 
at a uniform interval of 4} minutes after the dextrose had been added 
to the water. 

The procedure is as follows: 500—600 c.c. of water are placed in 
the calorimeter, a platinum beaker surrounded by a water-jacket, in 
which there is a fan-stirrer, worked by a water-motor, and a ther- 
mometer reading to 0°001° or 0:0005°. The thermometer is tapped 
continuously by a clock-work tapper, and is read from a distance 
through a telescope. The temperature of thé water is always arranged 
so that, after the dissolution of the carbohydrate, the temperature is 
the one selected as the “initial” temperature for the experiment. As 
soon as the substance is completely dissolved, an operation taking less 
than one minute, the temperature is read every half-minute so as to 
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determine the rate of cooling at the “initial” temperature. The 
dilute alkali is then added, and the rate of cooling again determined. 
This latter is the rate applicable for the correction of the “ final” 
temperature. The rate of cooling for the interval between the initial 
and final temperatures is taken to be intermediate between the rates 
at these two temperatures. In experiments with dextrose itself, the 
initial and final temperatures differ so little that the rates of cooling 
in the two cases are identical. 

The solution of the alkali used to destroy the multirotation is con- 
tained in test-tubes on feet, which are placed in an air-bath, of which 
the temperature has been kept for some hours nearly identical with 
that of the initial temperature in the calorimeter. The results are 
corrected for any difference in temperature which may exist at the 
time of adding the alkali. 

A fuller description of the apparatus and method will be found 
in the Chemical Society’s Transactions, 1887, 51, 293, and in Phil. 
Mag., 1890, 29, p. 252. 

The heat capacity of the solutions dealt with not being known, it was 
taken to be equivalent to that of the water contained in them. Any 
error caused by this method of dealing with the results will be quite 
inappreciable owing to the smallness of the quantities measured. 

In the case of dextrose and maltose, the solutions were of the strength 
of 1 mol. to 300 H,O, or 30 grams to 600 cc. With levulose and 
milk-sugar, half this strength of solution was adopted. 

In different series of determinations the quantity of alkali added 
was varied, as also was’ the temperature (between 16° and 20°), but 
neither of these variations produced any appreciable effect on the 
results. 

When ammonia or soda is added toa solution of dextrose, other 
reactions occur besides the transformation of the a into the B form— 
the particular change which we desired to investigate; the alkali 
becomes diluted, neutralisation of any traces of acid present occurs, 
and there is a direct combination of the alkali with the sugar, which 
doubtless represents the initial stages of the intra-molecular transposi- 
tions of the CHOH groups, which have been recently investigated by 
Lobry de Bruyn (Rec. Trav. Chim., 1895, 14, 14). 

All these reactions evolve heat, but they may be estimated en masse 
by making a second similar determination with a dextrose solution 
which has been previously heated. In this ‘check’ determination, all 
the conditions are identical with those in the former, except that the 
dextrose has been previously transformed from the high rotatory 
modification, a, to the optically stable form, 8. The difference between 
the two determinations will thus give the thermal value for the trans- 
formation. The results are given in Table I. 
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The greater number of determinations were made with the sample 
of dextrose A. This had been prepared from starch by acid, and, 
although fairly pure, contained a minute trace of residual acid, and 
was not of the same degree of purity as samples B: and C, which had 
been prepared from cane-sugar, and had been purified by repeated 
crystallisation from alcohol, until they gave the exact optical and 
reducing values for pure dextrose. 

The determinations made on samples B and (, so far as the final 
results go, are those on which the greatest reliance can be placed, but 
we have included the more numerous results with sample A, as they 
show the concordant nature of the experiments, and are of value in 
elucidating the general character and progress of the change. 

The first two experiments with sample A, it will. be seen, give 
0°72 and 0°96 calorie per gram of dextrose respectively as the 
heat of transformation of a to 8 in solution. The difference corres- 
ponds to an error of about 0-01° in the readings of the thermometer, 
and the higher value is probably at fault, since the lower one agrees 
with the other pairs of experiments, 5 and 6, and 8 and 9. In experi- 
ments 5 and 6, three successive additions of ammonia were made, both 
in the case of the unheated and heated dextrose, and it will be seen 
that the values for the second and third additions are identical in the 
two instances ; the difference in the two cases being confined to the 
first addition, and that difference being presumably due to the destruc- 
tion of the “ birotation’’ caused by the first addition. 

From experiments 4 and 7, where the ammonia was added to water 
only, it will be seen that about half the heat’ evolved on adding the 
alkali to the heated dextrose solution is due to mere dilution of the 
ammonia, the rest being due to the chemical action of the alkali on the 
sugar, except in the case of the first addition, where the neutralisation 
of traces of acid in the dextrose causes a further evolution corres- 
ponding to about 0:006°.* 

Experiments 8 and 9 show that exactly the same value for the 
transformation of a- to 8-dextrose in solution is obtained with soda as 
with ammonia. Five successive lots of water were added both to the 
heated and unheated dextrose solution, and the heat evolved in the two 
cases, after the first addition, was practically identical, namely, 5-04 and 
5°03 cal. respectively ; the evolution on the first addition of soda in 
thecase of the previously heated dextrose solution was somewhat doubtful, 
and the determination was consequently repeated in experiment 


* Subtracting the values in 7, 7a, and 7b (where the ammonia was added to water 
only) from the values of 6, 6a, and 6b, where the ammonia was added to a solution 
of dextrose whose abnormal rotation had been destroyed by heating, we get 0°0138°, 
0°0071°, and 0°0061°, the first of these being 0°0057° larger than it would be if it were 
uniform with the other two. 
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10; the probable value for the first addition as deduced by plotting 
out the results of 9 and 10 is 1°32 cal., and this is the quantity which 
has been deducted from the results with the unheated (“ birotatory ”) 
dextrose solution to obtain the true heat of transformation of a-dextrose 
into the 8 form. 

From experiment 11, it will be seen that the heat of dilution of the 
soda is very small, and that the evolution observed after the first addition 
of it to the dextrose (and the consequent conversion of this into the 
B form) is almost entirely due to the formation of the compound of the 
two. Each addition of soda evolved about half as much heat again as 
did each addition of the ammonia, although the latter was six times 
more concentrated molecularly than the former. Either the molecular 
compound which dextrose produces with soda is formed with a much 
greater evolution of heat than the corresponding compound with 
ammonia, or it is more stable in solution, and is consequently formed 
in larger quantities. 

In experiment 15, the amount of soda added at one dose in pre- 
vious determinations was added in five separate portions. The 
result clearly shows that one of these, amounting to only 1°96 c.c. of 
a 34 per cent. soda in 567 grams of solution was amply sufficient to 
transform 26°2 grams of the a modification of dextrose into the 8 form. 
The amount of soda bringing about this transformation in the calori- 
meter amounted, in this experiment, to less than 0°07 gram, or 0°012 
per cent. of the weight of the solution. 

On plotting out the thermal values obtained with the last four 
additions of these very small quantities of soda, we find that the first 
should have evolved 0°29 cal. had it been uniform with the others. 
Subtracting this from the value actually obtained, we get 0°84 cal. as 
due to the change of state of the dextrose, which is practically identical 
with the value obtained in other cases. The sum of the heat evolved in 
the successive additions in experiment 15 is 1°95 cal. as against 1°99 cal.* 
evolved on the addition of the same amount at one operation, as in 
experiment 8, a difference representing only 0°0025° as the sum of all the 
errors in the determinations. 

The mean value for the heat of transformation of the a or birotatory 
modification of dextrose into the optically stable 8 form, as deduced 
from the five determinations described, is 0°79 calorie per gram. This 
value, as will be shown immediately, would have been rather larger— 
about 0°82 calorie—had the alkali been added to the solution at once, 
instead of 45 minutes after the dissolution of the dextrose. On the 
other hand, the determination No. 12, owing to the smallness of the 

* In experiment 15, the volume added was only 9°8 c.c. as against 10°18 c.c. in 


experiment 8, so that the 2°03 cal. observed in the latter case has to be corrected for 
the excess, in order to make it comparable with the former. 
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quantities dealt with, is not very trustworthy, and three out of the 
other four determinations give the somewhat lower value of 0-72 cal., 
which would become 0°75 cal. if corrected for the 44 minutes’ delay. 

For the other experiments in the table, namely, from 16 to 22, as 
we have already stated, most carefully purified samples of dextrose 
were used, and these give a somewhat lower value for the heat of 
optical transformation than the less pure sample A. The heat of 
transformation in the case of sample B is 0°56 cal. This is confirmed 
by the time series, experiments 15—19 with the same sample, which 
gives a value of 0°59 cal., and still further confirmation is obtained 
from the results with sample C, where the two determinations (20 and 
21) gave 0°55 and 0°57 cal. respectively. 

The mean of these four values is 0°568, and there can be little doubt 
that we must discard the higher values obtained with the less pure 
sample A in favour of it. 

When the results of series 15—19 with the pure dextrose are plotted 
out, it is shown that the value for the complete transformation of the 
whole of the dextrose from the a to the 8 form, if the alkali had been 
added at once, instead of 4} minutes after dissolution, would have 
been +0°61 cal. per gram, or 0°02 cal. higher than the value obtained 
after 43 minutes ; and a similar correction applied to the results of 


the other experiments raises the mean to 
+ 0°588 cal. per gram. 


We have yet to give satisfactory evidence that this thermal change 
in a dextrose solution is really correlative with its change in optical 
properties, that is, with the fall in specific rotatory power of the dis- 
solved sugar. 

Parcus and Tollens (Annalen, 1890, 257, 167) give the details of two 
experiments with freshly prepared solutions of dextrose, in which the 
gradually decreasing specific rotatory power is expressed as a function 
of the time. From these numbers, we have calculated the percentage 
of untransformed a-dextrose for each interval, and have expressed the 
results graphically in the accompanying Fig. I. Alongside of these we 
have also plotted the thermal curve as given by our experimental series 
15 to 19 (see Table I, p. 780), in which the rise of temperature on the 
addition of soda at stated intervals after dissolution was determined, 
all the necessary corrections being applied. It will be seen that the 
general character of the curves is the same, except that our thermal 
curve is somewhat flatter, a fact, no doubt, mainly due to its applying 
to the lower temperature of 16°, instead of 20°, as in the optical deter- 
minations of Parcus and Tollens. In their second series, the strength 
of solution used was nearly the same as that used by us ; in their first 
series, it was of double this strength, which difference probably 
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accounts for their two curves not being very closely concordant: and 
as small differences of this nature seem to influence the character of 
the curve, a very close correspondence between the optical experiments 
of Parcus and Tollens and our own thermal values is not to be 
expected, 


Fic. 1.—Percentage of a-dextrose in solution after various intervals of time. 
Per cent. 
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It may be noticed that in both series of Parcus and Tollens’ results 
the curves—which are bent-lath curves—do not seem to pass through 
the zero point (100 per cent.), indicating that there is some slight 
anomaly in the initial stages of the action. 
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All these facts tend to show that the special physical or chemical 
changes which determine the gradual alteration of specific rotation in 
freshly prepared dextrose solutions proceed pari passu with the heat 
evolution, and we cannot but conclude, therefore, that this evolution 
is the result of the changes in question. 

Although the transformation of a- into B-dextrose is rapidly brought 
about by a very minute amount of alkali, the change in the solution 
is not instantaneous. In our experiments with ammonia, the change 
occupied 1} to 2 minutes ; with soda, it was more rapid, occupying 1 
to 1} minutes, although the soda was used in much smaller proportion 
than the ammonia. In experiment 12, where only one-fifth of the 
usual quantity of soda was used, the change occupied 44 minutes, 


Maltose. 


Unlike all other carbohydrates so far examined, maltose has a lower 
specific rotatory power in freshly prepared solutions than in those 
which have stood for some time, or have been brought into the stable 
optical state by heat or by traces of alkali. 

In a paper on the action of diastase on starch-paste at ordinary 
temperatures (Brown and Morris, Trans., 1895, 67, 312), it was shown 
that the maltose, on liberation by hydrolysis under these conditions, has 
a specific rotatory power (calculated for the anhydride) of [ a }3.s, 133°5° = 
[a]p 122°4°, instead of the normal value of [a]p 138-0°. Freshly pre- 
pared solutions of maltose have the same abnormally low optical 
properties, the value of [a], rising to 138°0° on standing for a few 
hours, or at once if the solutions are heated or have a trace of alkali 
added to them. 

Meissl found the initial specific rotatery power of a freshly prepared 
10 per cent. solution to range from [a]p 122° to [a]p 125°, and Parcus 
and Tollens (Annalen, 1890, 157, 172), ina more extended examination 
of the subject, found [a], 118°75°, 119°36° and 120°97°, for deter- 
minations made within 6, 8 and 12 minutes, respectively, after com- 
plete dissolution. From the plotting of the time curves given by 
Parcus and Tollens, it is evident that the true specific rotatory power 
of maltose at the moment of dissolution must lie between [a ]p 117° 
and [a]p 118°, calculated on the anhydrous maltose present. The 
optically unstable modification represented by these latter values we 
shall distinguish as a-maltose, the stable optical modification with an 
[a]p of 138° being distinguished as B-maltose. 

We have investigated the thermal phenomena correlated with the 
transformation of a- into @-maltose in solution, and give the numbers 
in Table 2 (p. 781), the details being the same as those with dextrose. 
There are two sets of determinations in which different quantities of 
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ammonia were used, and one in which soda was used. The tempera- 
tures differed slightly in the different cases. 

In the first determinations only, experiments 1 and 2, did the heat 
disturbance approach being a measurable quantity, and then it repre- 
sented but 0:004°. The other three determinations are well within the 
errors of experiment, nil, and such, doubtless, is the real thermal value 
of the change in this case. 


Levulose. 


The sample of levulose used was a preparation of Scheering’s from 
invert-sugar. It was most carefully prepared in the anhydrous state 
by repeated crystallisation from absolute alcohol until its optical and 
reducing properties showed it to be quite pure. 

A freshly prepared aqueous solution of levulose has, when examined 
immediately, a greater left-handed rotation than after standing some 
time, but in this case the passage from the optically unstable a modifi- 
cation to the stable 8 form takes place very much more rapidly than 
it does in the case of dextrose, as it is complete within about twenty 
minutes from the time of dissolution. The optically stable form has a 
specific rotatory power of [ a], — 92°09 for concentrations of about 10 per 
cent., and a temperature of 20°. The highest specific rotatory power 
observed by Tollens in freshly made solutions was [a ]p — 104°02°, but 
it was not found practicable to make an observation in less than six 
minutes after dissolution, so that we may be certain that this value is 
considerably too low for a-levulose. 

When levulose is dissolved in the calorimeter, there is a fall of tem- 
perature at the moment of entering into dissolution. This sudden fall 
is followed by a much slower fall which lasts for some minutes, and 
can be made to attain its maximum at any moment by the addition of 
a trace of ammonia. There can be no doubt that this latter effect is 
correlative with the change of the optically instable to the optically 
stable levulose, but it is interesting to note that the thermal changes 
are of a much greater magnitude than in the case of dextrose, and are 
negative instead of positive. The experimental results are given in 
Table 3 (p. 782). 

The strength of the solutions taken was smaller than in the previous 
cases, and the amount of ammonia used was still further reduced, but, 
as may be seen by comparing the results: of successive additions to the 
unheated and heated solutions respectively, it was sufficient to effect 
the change. 

As the fall of temperature on adding the solid levulose to the water 
in the calorimeter is comparatively small, the rate of cooling at the 
‘initial’ temperature may be determined before, instead of after, the 
dissolution, and thus the alkali can be added within about half a minute 
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of making the solution, sufficient time only being allowed for taking one 
reading of the thermometer after dissolution is complete. The advan- 
tage of this procedure will be understood from what has been said 
about the relatively rapid optical change in the case of levulose. 

The time series, experiments 3 to 5, lead to a value of — 4°64 cal. 
per gram for the transformation when the alkali is added immediately. 
This value is rather less than that of experiment 2, which gives about 
—5-4 cal. after the correction for the half minute delay in adding the 
ammonia is applied, but the former value is the more trustworthy, in 
that it depends on a series of three determinations which lie fairly well 
on a straight line, as shown in Fig. 2, and a single determination may 
easily be at fault when only one reading of the thermometer is taken 
for determining the initial temperature. 


Fic. 2.—Percentage of a-dextrose, levulose, and milk-sugar in solution after various 
intervals of time, as deduced from thermal changes. 


} 


30 60 
Minutes. 


The rate of transformation of a-levulose into B-levulose in solution, 
as measured by the optical method, is, as we have seen, very rapid 
compared with that of dextrose. The general deductions from our 
thermal experiments are well in accord with this, for it appears from 
them that 36 per cent. of the total heat change, with levulose solutions, 
takes place within the first 3 minutes, whereas with dextrose solutions 
only about 5 per cent. of the total thermal effect is produced in the 
same time. It is true that the extension of the straight: line repre- 
senting our determinations would lead to 84 minutes as the time in 
which the change would be complete, instead of the 20 minutes as 
observed by Parcus and Tollens, but the change is, no doubt, not 
really represented by a straight line, but by a curve, which, in the 
higher portions, does not differ sensibly from a straight line, and a 
considerable tailing off would have been found if we had extended the 
observations farther. ' 
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Milk-sugar. 


Freshly prepared solutions of the crystallised hydrate, C,,H,,0,, + 
H,O, exhibit well-marked phenomena of multirotation. The experi- 
ments of Parcus and Tollens (Annalen, 1890, 257, 170), when plotted 
out, lead to a value of [a], 84'5° for milk-sugar at the moment of 
dissolution, that is, for the a form, the specific rotatory power of the 
stable modification at 20° being [a], 52°5°. There are three other 
modifications of milk-sugar known: the first is the anhydrous form 
obtained by evaporating the aqueous solution to dryness on the 
water bath with constant stirring ; this, which is generally known 
as y, gives, in the first instance, on redissolution, a rotation five-eighths 
of that of the optically stable form. Another modification is obtained 
by rendering ordinary milk-sugar anhydrous at 130°; this is ordi- 
narily known as the # modification, and gives “ birotatory”” phenomena 
like the ordinary crystallised hydrate. Still another variety, described 
by Schméger, may be prepared by quickly evaporating small portions 
of a milk-sugar solution at 100° in contact with porous substances. 
This is an anhydride which gives no phenomena of multirotation, but 
goes into solution with all the optical properties of the stable form. 

All these various forms of milk-sugar, when in solution, sooner or 
later revert to the optically stable form, having a specific rotatory 
power of [a ]p 52°5°.* 

We have only examined the thermal changes attending the trans- 
formation in solution of the a-milk-sugar (hydrated) into the stable 
modification. It is a change which takes place under ordinary con- 
ditions in 24 hours, but, as in the case of the other sugars, it is 
brought about very rapidly by heat or by the addition of small 
amounts of alkali. 

Experiments 2—6 of Table 4 (p. 782) embody the thermal results, the 
ammonia for bringing about the change being added after various 
intervals of time. The check determination with a previously heated 
solution is experiment 6, and in the case of experiment 3, a second 
addition of alkali was made. When the results are plotted, they lead 
to a value of +0°19 cal. per gram for the heat evolved in the trans- 
formation, if the alkali had been added immediately after dissolution 
of the milk-sugar. This corresponds to a rise in the calorimeter of 
0:003°. 

The values, expressed in the same manner as in the other cases, are 
plotted in Fig. 2 (p. 766), the determinations being indicated by 


* Following out the plan adopted with the other sugars, we ought to call this 
optically stable form 8, but, unfortunately, as we have seen above, this letter has 
been already used to designate one of the other modifications of milk-sugar; we 
shall therefore refer to it merely as the ‘‘ stable” or ‘‘ optically stable” form. 
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crosses. We have also reproduced, as a dotted line, a portion of our 
results with dextrose, and, as will be seen, the dextrose and milk- 
sugar curves differ but little from each other, whereas they differ 
entirely from that of levulose. When the results of Parcus and 
Tollens expressing the rate of change of the rotatory power of freshly 
dissolved milk-sugar are plotted out on the same scale, and in such a 
manner as to show the percentage rate of change of the a to the B 
modification, the portion of the curve expressing the progress of the 
reaction for the first 60 minutes is found almost to coincide with our 
thermal curve, thus showing clearly that the optical and thermal 
changes are correlative. 


Cane-sugar. 


As is well known, cane-sugar exhibits no indications of multirota- 
tion. We thought it, however, desirable to ascertain if any thermal 
phenomena could be produced by the addition of alkali to a freshly 
prepared solution in water. When all due corrections were made for 
the dilution and heat of combination of the alkali with the sugar, 
there was no residual evolution or absorption of heat in any way com- 
parable with that found in the case of most of the multirotatory 
sugars, the difference between the results with the heated and 
unheated sugar solution corresponding to only 0-0009° in favour of the 
former. 


In the following table, we have summarised our results, showing the 
thermal changes attending the change of specific rotatory power of 
dextrose, maltose, levulose, and milk-sugar in passing from the a form to 
the optically stable modification (in solution). 


Specific rotatory Concurrent thermal 

power as [a@]p. change. 
Sugar 

(anhydrous). 


Per gram- 
Per gram. molecule. 


a. 


Unstable Stable 
B. 


107°0° 52°5° +0°588 cal.| +106 cal. 
117°5° 138°0° 0- 0 

? — 92°0° — 4°64 cal. — 835 cal. 
88°9° 55°2° +0°19 cal. +34 cal. 


* The specific rotatory power of milk-sugar is generally given for C,,H»,0,, + H,0 ; 
in the above table, the values are calculated for C,.H,.0,;. 
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Heat of Dissoluiion. 


In the course of the above determinations, we measured the heat of 
dissolution of the various substances examined, and have collected our 
results in Table 5. They include, as will be seen, a determination 
with cane-sugar, and three determinations borrowed from Berthelot’s 
work. The values for the heat of dissolution refer to the substances 
in the state in which they were actually taken (anhydrous or 
hydrated), and not merely to the anhydrous substance present in them, 
as in the foregoing tables. 


On the Cause of Multirotation. 


The earliest attempt to explain the phenomena of bi- or multi-rota- 
tion was made by Erdmann (Fortschritte der Physik., 1855, 18, also Ber.., 
13, 1880, 2183), who regarded them as due to the sugar entering into 
solution in the crystalline form and being gradually transformed into 
the amorphous condition on further contact with the solvent. Pasteur 
(Compt. rend., 1856, 42, 347) also favoured this view, as likewise did 
Dubrunfaut (ibid., 739), the original discoverer of birotation. Béchamp 
(ibid., 640), on the other hand, considered that the time-change in the 
rotation of freshly prepared dextrose solutions depends on the gradual 
loss of the water of crystallisation, a loss which he compares with the 
dehydration of copper oxide in contact with boiling water. Schméger 
(Ber., 1880, 13, 1919), at a much later date, also attempted to connect 
the multirotation of milk-sugar with its state of hydration in the solid 
state ; and Hesse (Annalen, 1875, 1'79, 99) had been led, in the case of 
- the same sugar, to the view that the differences of rotatory power in 
the a and 8 modifications were intimately connected with their 
respective solubilities, and that there was a molecular condensation on 
passing from one state to the other, the diminution in molecular 
volume coresponding to the diminished action on polarised light. 

Urech (Ber., 1883, 16, 2270) upheld a somewhat similar view, and 
maintained that the higher rotatory modification of milk-sugar is 
polymolecular in solution, whilst the optically stable form exists as 
single molecules. 

Landolt (Handbook of the" Polariscope : English edition, 1882, p. 62), 
states that the abnormal rotatory power observed when dextrose or 
milk-sugar first go into solution is probably due to the presence in the 
liquid of certain groups of molecules (so-called crystal molecules) pos- 
sessing optically active structures which still remain intact after the 
solution of the crystals has taken place, and so superadd the rota- 
tion due to crystalline form to that which is possessed by the individual 
molecules themselves. In course of time, the perfect separation of these 
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crystalline combinations into their constituent chemical molecules takes 
place, and then we have simply the rotation due to the latter. 

All these explanations, it will be seen, are purely conjectural, and 
none of them can be considered satisfactory. The facts which are now 
established with regard to the states of hydration and of aggregation 
of the varieties, both of milk-sugar and of dextrose, render it impos- 
sible to correlate multirotation with the state of aggregation of the 
solid sugar, or with the loss of water of crystallisation when the sugar 
enters into solution. It is also difficult to admit, on physical grounds, 
that the particles of sugar can retain any of their crystalline polar 
arrangement after they have entered into solution ; and, even if they 
are capable of doing this, the abnormal rotatory power cannot be 
attributed to their retention of the properties of the crystals from which 
they have been derived, as these have no power of circular polarisation. 
Besides, if Landolt’s explanation be correct, it is difficult to see why 
substances like cane-sugar and raffinose should be devoid of the power 
of multirotation. 

The strongest evidence against the truth of the crystalline molecule 
hypothesis is, however, afforded by the fact that dextrose and maltose 
possess the “ birotatory”’ state when first liberated by hydrolysis from 
solutions of cane-sugar and starch respectively. 

There appear to us also to be grave objections to such views as 
those of Hesse and of Urech, that the transient higher rotation in 
solution is due to temporary condensation of the sugar molecule. If 
there were any true chemical union of the molecules in the form of 
polymerisation, we should expect to find evidence of it in cryoscopic 
experiments, whereas in the cases’ of both dextrose and milk-sugar, 
the freezing points of solutions of the different optical modifications 
have been found to be identical.* If, on the other hand, we consider 
the molecular aggregations producing the higher rotation in solution 
to be of a physical character only, it seems very unlikely that, such an 
arrangement would produce an effect on the rotation, as we know that 
circular polarisation is a property resident in the molecule itself, and 
is dependent mainly on its atomic structure and configuration. 

We believe that the thermal results which we have described in 
this paper point to multirotation being an effect of chemical change 
brought about by the interaction of the sugar and its solvent, and 
that it is in this direction that an explanation of the phenomena must 
be sought. 

That the true causes of multirotation are to be found in chemical 
rather than in physical changes was suggested by E. Fischer in 1890 

* See, for dextrose, Brown and Morris, Chem. Soc. J., Trans., 1888, 58, 615, and 


Tanret, Compt. rend., 1895, 120, 1060; and for milk-sugar, Schmiger, Ber., 1892, 
25, 1455, 
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(Ber., 23, 2626), but his remarks appear not to have received the 
attention which they deserve. Fischer found that the lactone of 
d-gluconic acid, and other lactones of the same group, slowly alter 
their specific rotation in aqueous solution at ordinary temperatures on 
account of their partial conversion into the corresponding acids, and, 
on the other hand, that solutions of some acids, such as gluconic and 
mannonic, exhibit, under similar conditions, a change of rotation in 
an opposite direction, due to partial conversion into their lactones. 
He suggests that the so-called birotation of sugars may be explained 
in a similar manner, anhydrous dextrose, for instance, going into solu- 
tion as O,H,,0,, and being gradually converted into the heptahydric 
alcohol, C,H,,0,, the rotatory power becoming constant when this 
process is complete. 

The subsequent work of Schnelle and Tollens (Annalen, 1892, 271, 
68 ; ibid., 74 ; cbid., 81) on rhamnonic, gluconic, and galactonic acids, 
and their corresponding lactones, also affords some remarkable results, 
which we cannot but regard as in some degree analogous to the phe- 
nomena of the multirotation of the sugars, or, at any rate, as suggest- 
ing the direction in which a solution of the problem may be sought. 
Schnelle and Tollens found that, in aqueous solutions, the lactones were 
slowly converted into their corresponding acids, and the acids into the 
lactones, until a condition of equilibrium was established, these 
changes in chemical constitution being accompanied by corresponding 
alterations in specific rotatory power. Heating the solutions produced 
the final state of rotation very quickly, whereas, under ordinary condi- 
tions of temperature, the point of optical and chemical equilibrium 
was only reached after some time. Moreover, in the case of gluconic 
acid, which changed in specific rotatory power on standing, from 
[a]p—1-74° to [a],+10° to 12°, if the optically stable solution was 
heated to 100°, the specific rotatory power went up to [2 ]p 23°44°, 
owing to more lactone being formed under these conditions, but it 
fell to the original point on cooling again. These optical changes 
are due to the fact that the relation of the lactone to the acid is 
governed by temperature ; the higher the temperature, the more acid 
is converted into lactone ; the lower the temperature, the more lactone 
is converted into acid. 

It appears to us that we have in these observations a possible clue, 
not only to multirotation, but also to the great variability of rotation 
with temperature in the case of a substance like levulose. In fact, 
it is possible that even the smaller changes of specific rotation ex. 
perienced by carbohydrates with varying temperatures and concentra- 
tions may be ultimately explained in some such way as this. It is 
not suggested that the actual chemical changes which the multirotatory 
sugars undergo in contact with water are strictly comparable with those 
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“of the lactones and their acids; a much closer parallel probably 
exists in the changes which acetaldehyde and chloral undergo under 
similar circumstances. About 10 years ago it was shown by Perkin 
(Trans., 1887, 51, 808) that acetaldehyde in contact with water is 
converted into ethylidene glycol or ethaldehydrol, CH,-CH(OH),, a 
change which is accompanied by a very distinct evolution of heat, 
and a corresponding alteration in magnetic rotation. In a short 
critical notice of a paper by Hammerschmidt, Ostwald (Zeit. physikal. 
Chem., 1892, 9, 233) called attention to these observations of Perkin, 
and suggested that the “ birotatory ” phenomena of carbohydrates are 
due to a chemical action of the water resulting in a transformation of the 


carbonyl group into << 

It is a noteworthy and significant fact that all the carbohydrates 
which up to the present time are known to exhibit multirotation in 
solution, namely dewtrose, levulose, milk-sugar, galactose, maltose, ara- 
binose, xylose, rhamnose, and fucose, strongly reduce cupric solutions, 
and apparently contain the formyl or carbonyl group ; whilst the non- 
reducing sugars, sacchwrose and raffinose, which do not contain the 
above groups, go into solution without any subsequent change of 
rotation. It is just the first mentioned sugars, the aldoses and the 
ketoses, which might be expected to react with water in the manner 
suggested above with formation of aldehydrols. 

Since Lobry de Bruyn and Van Leent (Ree. Trav. Chim., 1895, 14, 
134) have shown that lactose, maltose, galactose, xylose, arabinose, 
and rhamnose form definite, though unstable, compounds with ammonia, 
it appeared at first sight possible that the formation of these “‘ osamines ” 
was connected with the well-known action of a trace of alkali in effect- 
ing the transformation of a sugar into its optically stable aldehydrol 
modification.* It will be seen, however, from the results of certain 
experiments on acetaldehyde, described in an addendum to this 
paper, that this is probably not the correct explanation of the ac- 
celerating action of the alkalis in bringing about the change. The 
hydration of the aldehyde appears to precede the formation of the 
ammonia compound, and if there is any real analogy between the con- 
version of aldehyde into aldehydrol and the chemical changes which 
aldoses undergo in contact with water, it is probable that here also 


* It is evident that the réle played by the ammonia in this action is simply that 
of an accelerative agent. The product obtained by the prolonged action of the 
water is identical with that obtained by the action of the alkali, which action, 
although rapid, is not instantaneous, but, like that of water, occupies an appreciable 
time, and we have only to diminish the amount of alkali used in order to reduce the 
rate of change. Thus, whereas with the strength of alkali used in our experiments 
the reaction was complete in one minute or less, the weaker alkali used in experi- 
ment 12 did not complete the change of a- to B-dextrose in less than 44 minutes. 
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hydration of the aldehyde group precedes combination with the alkali 
(see Addendum to this paper). 

Some observations of Jacobi (Annalen, 1893, 272, 170) made in 1893 
have a very important bearing on the probable changes which certain 
sugars undergo in contact with water. He examined the relation of the 
“ birotation ” of certain sugars to the formation of hydrazones. After 
studying the optical properties * of the phenylhydrazones of glucose, 
galactose, and rhamnose, he proceeded to investigate the rate at which 
the hydrazones are formed, on the one hand, from freshly prepared 
solutions of the sugars, and, on the other, from solutions in which all 
“ birotation ” had been destroyed by standing. He found that the 
former reacted much more quickly with phenylhydrazine in the cold 
than did the latter, especially in the case of glucose, and he considers 
this to be due, as regards glucose and galactose, to the gradual hydra- 
tion of the aldehyde group, a hydration which is concurrent with the 
change of rotatory power of the sugar. 

Although the hypothesis that multirotation is intimately connected 
with the formation of an aldehydrol in contact with water is sufficient 
to account for the production of optically stable 8 forms from the 
“ birotatory ” a forms, it does not sufficiently explain the temporary 
existence in solution of the “half rotatory” y modifications of the 
sugars. The ultimate composition of the latter modifications in the 
solid state has, however, never yet been submitted to close examina- 
tion. From the high temperature used in preparing them, it seems 
probable that they may contain less of the elements of water than the 
ordinary anhydrous sugars. 

The strongest objection that can be raised to the general hypothesis 
of aldehydrol formation is perhaps the fact that a change of this kind 
might be expected to be attended with a change of density of the solu- 
tion. We have never been able to obtain evidence of this during the 
transformation of a- to B-dextrose, but it is quite possible that the 
change of molecular volume might be so small as to have no appreci- 
able effect on a solution of moderate concentration.t A similar 
objection might be raised on the strength of the cryoscopic deter- 
minations showing no evidence of the addition of H,O to the sugar 
molecule : but such determinations do not do so either in other similar 
cases where we are dealing with loosely attached molecules of water, 
as in the case of ordinary hydrates: these loosely attached mole- 


* Jacobi found that the phenylhydrazones of glucose and of rhamnose exhibited 
marked birotation, but that {this property was not possessed by galactosephenyl- 


hydrazone. 
+ It is manifest that, if the above explanation of multirotation is correct, the true 


specific rotatory power of a multirotatory sugar in solution is that of the a modifica- 
tion, not that of the optically stable form. 


774 RROWN AND PICKERING: THERMAL PHENOMENA ATTENDING 


cules are continually breaking off and uniting again, and- their 
presence has little more effect on the results than that of slightly 
decreasing the proportion of water which is at liberty to act as the 
solvent. 

Reverting once more to the final thermal effects involved in the 
transformation of the a forms of dextrose and Jevulose into their respec- 
tive 8 modifications, it might at first sight appear that the small exo- 
thermal result in the first case, and the much larger endothermal result 
in the second, points to a greater difference in the constitution of these 
sugars than is indicated by the commonly accepted formule of Kiliani ; 
for it might be urged that, no matter whether the hydroxyls were 
ultimately attached to the terminal COH group of the aldose, or to the 
CO group of the ketose, there ought not to be much difference in the 
final heat disturbance. It must be borne in mind, however, that, 
although the observed thermal differences are relatively large, yet the 
actual amounts of heat measured are very small indeed, and that we 
are only dealing with minute “‘ residuals” which can bear but a very 
insignificant relation to the total amount of energy involved in the re- 
action, which includes, amongst other things, a partial dissociation of a 
molecule of water. 

We have attempted in this paper to connote the phenomena of 
multirotation with other known properties of the sugars, and to indi- 
cate the high degree of probability that these phenomena are chemical 
rather than physical. It is, of course, open to explain the change in 
the optical properties of their solutions in another way, by supposing 
them to be correlated with intramolecular transpositions which pro- 
duce a change of sign in the asymmetric carbon atoms, A remarkable 
series of such intramolecular changes hasbeen brought about in some 
of the sugars by Lobry de Bruyn (Rec. Trav. Chim., 1895, 14, 203) by 
acting on their solutions with large quantities of alkali at the ordinary 
temperature, or by heating them with smaller quantities of alkali. 
We have, however, no reason to believe that such changes of con- 
figuration can be produced at ordinary temperatures by mere contact 
with water, and until some well marked case of this kind can be 
adduced, we shall be justified in rejecting this as the vera causa of 
multirotation. 


ADDENDUM. 
The Action of Water and Alkalis on Aldehyde. 


The conclusion which we have arrived at in the above communication 
respecting the action of water on sugars is, that the change of optical 
rotation thereby produced is due to a definite chemical change in which 
the aldehyde group becomes converted into an aldehydrol group. 
Such a change is known to occur in the case of acetaldehyde, and is 
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accompanied by a considerable evolution of heat; therefore, if this 
latter action were found to exhibit the same peculiarity as that in the 
case of the sugars—of being greatly accelerated by the presence of a 
trace of alkali—the probability of the two actions being identical 
would be much strengthened. The analogy of the two cases is already 
somewhat strong fromthe fact that both the sugars andaldehyde, besides 
being acted on gradually by water, combine directly with ammonia, 
although the compound in the case of the aldehyde is considerably 
more stable than in the case of the sugars. 

It was observed by Perkin (Trans., 1887, 51, 816) that the heat 
evolved by the reaction of aldehyde and water is considerable, and 
that the action is a gradual one ; moreover, it is preceded by a fall of 
temperature, although this fall is only observable when the chemical 
action of the water is retarded by reducing the initial temperature of 
the mixture below 8° or 9°. In our own determinations, the pre- 
liminary fall was not noticed, as the temperature at which we worked 
was 15—16°. 

We must express our thanks to Dr. Kipping for preparing the 
aldehyde which we used in these determinations. It was prepared 
from paraldehyde, and carefully dried and redistilled the day before 
use: a sample, however, which had been kept for four days before 
being used gave the same values as when freshly prepared, thus 
indicating that in the dry condition aldehyde is comparatively 
stable. 

To deal satisfactorily in the calorimeter with a small quantity of 
this volatile liquid, the following method was adopted. About 5 grams 
of the aldehyde were enclosed in a glass tube with a small bulb blown 
in the middle of it; each end of the tube was drawn out to a fine 
point, and sealed after the introduction of the liquid ; the portion of 
the tube containing the aldehyde was immersed in the calorimeter, 
and when it had attained the temperature of the surrounding water, 
the lower end was broken by pressing it against the side of the calori- 
meter, then the upper end was broken off and connected with a force 
and suction pump by means of which the liquid could be expelled and 
the tube well washed out into the water in the calorimeter. The 
details of the observation of the temperatures are similar to those in 
the previously described experiments, the first reading being taken 
one minute after the introduction of the aldehyde, this time being 
occupied in washing out the tube. 

A complete observation consists of a pair of experiments ; in one of 
these, the aldehyde is added to the water, and, after the action has 
ceased, ammonia is added; in the other, the ammonia is added first, 
and the aldehyde afterwards. Three such pairs of experiments were 
made, but we need give the details of only one of them, as the other 
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two, though agreeing closely with that described, were not performed 
under circumstances so favourable for accuracy. 

The quantities used were: water, 600 c.c. ; aldehyde, 5 grams, and 
ammonia, 10 c.c. of a solution of such a strength that the total 
ammonia added was equivalent to 0°03 per cent. of the weight of liquid 
in the calorimeter. The amount of aldehyde used was not exactly the 
same ineach experiment, but the actual values obtained have been cor- 
rected so as to apply to 5 grams, in order to make comparison more easy. 

When aldehyde is added to the water, a considerable evolution of 
heat occurs, but this rapidly diminishes, and becomes complete in about 
4 minutes ; the total rise observed with the quantities mentioned was 
about 0°86°. The subsequent addition of ammonia causes a further 
rise of 071°, and this, also, is due to a gradual action, which is slower 
than the one first mentioned, and occupies about 7} minutes: it is 
doubtless due to the formation of aldehyde ammonia. 

When the ammonia is added to the water first and the aldehyde 
subsequently, the larger rise of 0°86° takes place immediately, or, at 
any rate, within the one minute between the addition and the first 
observation of the thermometer, whereas the smaller rise of 0°1° takes 
place gradually, and occupies exactly the same time as in the previous 
cases. We may remark first that the total rise is the same in the 
two cases, the actual quantities being 0°9629° (representing 588°3 cal.) 
in the former case, and 0°9614° (representing 597°0 cal.) in the latter, 
these values referring to 5 grams of aldehyde: it is evident, therefore, 
that the final products are in all probability identical in the two cases, 
and that ammonia produces the same result whether it acts on aldehyde 
before or after the hydration of the latter. Itis probable, consequently, 
that the action of the ammonia which produces the gradual and 
smaller evolution of heat above mentioned is due to the formation of 
aldehyde ammonia, and not to any polymerisation of the aldehyde, for 
such a change would hardly occur in exactly the same way, and evolve 
exactly the same amount of heat, whether the aldehyde were hydrated 
or not. 

That the ammonia has accelerated the hydration of the aldehyde 
(the action which causes the rise of 0°86°), reducing the time over 
which it extends from 4 minutes to less than 1 minute, is clearly 
shown by comparing the various rises observed in the different cases 
after the lapse of the first minute. Thus, in the experiment where 
the aldehyde is added first and the ammonia afterwards, we get : 


Rise. Cal. 


Aldehyde to water (after first min.)...............00. 0°1310° 80°0 
Ammonia to aldehyde and water (after first min.)... 0°0553° 34°4 


Sum......... 0°1863 114°4 
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so that if, in the second experiment, when the water and ammonia act 
simultaneously on the aldehyde, the two actions were to proceed 
exactly in the same way as in the preceding case, we should have the 
same rise of temperature mentioned as the sum in the above case. 
As a matter of fact, however, we get 


Rise. Cal. 
Aldehyde to water with ammonia (after first min.)... 0°0529° 32-7 


which shows that the action proceeding after the first minute is the 
action of the ammonia on the aldehyde only, the hydration of the 
aldehyde having been entirely completed before this first minute 
expired, 

The fact that the combination of the ammonia with the aldehyde 
is subsequent to, and apparently independent of, the hydration of the 
aldehyde, puts out of court any explanation of the latter action as 
being a consequence of the formation of aldehyde-ammonia, and we 
are inclined to attribute the accelerating action of the alkali to its 
action on the water, rather than to its action on the aldehyde (or 
sugar). A mass of water consists of aggregates of various degrees of 
complexity, from free molecules upwards, according to the chances of 
collision, and such free molecules which are present possess an energy 
represented by about 10,000 cal. greater than that possessed by the 
average aggregate constituting the bulk of the liquid. Any direct 
action between a substance and the water would evolve 10,000 cal. 
more when it occurred between a free molecule than when it occurred 
between an average aggregate (although this extra evolution of heat 
would be subsequently counterbalanced by the dissociation of more 
aggregates to supply the place of the free molecules thus removed 
from the sphere of action), and an action which would be difficult or 
impossible if we were dealing with water aggregates only, becomes 
quite possible owing to the presence of these free molecules (see 
Pickering, “The Principles of Thermochemistry,” Trans., 1889, 55, 
22); from which it also follows that any increase in the number of 
free molecules present will increase the facilities for the water entering 
into combination. Ammonia, alkalis generally and acids, too, probably 
do increase the number of free molecules present ; they all form with 
water unstable compounds—NH,HO, or hydrates in the ordinary 
sense—which are continually dissociating into free water molecules 
and less hydrated compounds, and, therefore, presenting the water to 
any third substance which may happen to be present in the precise 
condition in which it can most favourably enter into combination 
with it. In a precisely similar manner, such action would be accele- 
rated by a rise of temperature, as we know to be the case, 

The actual values for the hydration of aldehyde and the formation 
of aldehyde ammonia were as follows : 
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Per gram-mol. Per gram of aldehyde. 
CH,COH + aq. = 4598 cal. 104°5 cal. 
CH,COH,aq. + NH,,aq.=5617 ,, 1276 ,, 


The actual hydration of the aldehyde is probably. represented by a 
value considerably greater than the above, since, as has been men- 
tioned, some preliminary change occurs—the act of dissolution or a 
molecular alteration—resulting in an absorption of heat, and this is 
included in the above figure. The value for the formation of the 
aldehyde-ammonia is deduced from results in which the ammonia 
added {was sufficient to combine with only one-tenth of the total 
aldehyde present, but in one determination three similar additions of 
ammonia were added successively, and the heat evolved was found to 
be strictly proportional to the alkali added. 

The value for the hydration of aldehyde is much larger than the cor- 
responding values with the sugars (the hydration of dextrose, for 
instance, gave 106 cal. per gram-molecule), but such a difference does 
not militate against the view that the actions are similar in their 
nature. The heat of combination of soda with dextrose—about 3800 
cal. per gram-molecule—does not fall far short of the heat of formation 
of aldehyde-ammonia. 
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THERMO-CHEMISTRY OF CARBOHYDRATE HYDROLYSIS. 783 


TaBLeE V.—Heat of Dissolution Determinations. 


Water equivalent of the Calorimeter and Apparatus =8 grams. 


Heat of dissolution. 


Sub- Rise or 
stance, fall ob- 


grams. served. Per gram- 


molecule. 
cal. 


Dextrose, hydrated ... - 4746 
[Dextrose, hydrated aoe 0 ~- 4500T] 
Maltose, hydrated....... — 3654 


pa 56. Sibecnadiunsens 
Levulose, anhydrous, th d 
product being a solution , — 1895 
of stable 8-levulose 


Ditto, product a-levulose... - 58 - 1060 
Milk-sugar, hydrated ......... 


e ‘6 isiseed i ‘ ‘ . ~ 4147 


” ” eee cee eee 


[Milk-sugar, anhydrous ...... —1830f] 
IIE tises weksasoncastoceses ‘ - 954 
CORR OGIR nsxceniessconcscennsnsess . - 800%] 


* The fall of temperature observed (preceding column) is that due to the dissolution of the levu- 
lose and the subsequent addition of ammonia ; the latter (=+-0°54 cal.) has been eliminated in the 
figures in this and the next columns. : 

t ne the value of the change to the optically stable form ( - 4°64 cal.)from the preceding 
result. 

t Values according to Berthelot. 


LXXI1V.—Thermo-chemistry of Carbohydrate Hydrolysis. 


By Horace T. Brown, F.R.S., and Spencer U. Pickerine, F.R.S. 


(1) Hydrolysis of Starch by Vegetable and Animal Diastase. 
(2) Hydrolysis of Cane-sugar by Invertase. 


So far as we are aware, no serious attempt has hitherto been made to 
determine by direct means the amount of energy liberated or absorbed 
during the hydrolysis of any one of the carbohydrates under the action 
either of enzymes or of dilute acids. The few determinations which 
are recorded are altogether of an indirect nature, and, for the most 
part, are based on the observed differences between the heats of com- 
bustion of the hydrolysable substance and the products of its hydrolysis. 

Such a method, however, cannot give results of any real value, since 
the thermal changes to be measured are considerably within the 
experimental error of the combustion values, and, even if these could 
be determined far more accurately than is possible, the results 
obtained would merely apply to the substances in the solid state, 
and would, of course, have to be corrected for the heats of dis- 

3G 2 


t Calculated from the results of the preceding series. 
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solution. As an example of the erroneous conclusions which may 
be drawn from such indirect methods, we may cite the experiments 
of C. v. Rechenberg (J. pr. Chem., 1880, 22, 1 and 223), and 
of Stohmann and Langbein (J. pr. Chem., 1893, [ii], 48, 305), 
which are practically in accord with each other. The results of the 
last-mentioned observers give +9°l cal. per gram for the inversion of 
cane-sugar as deduced from the heats of combustion of cane-sugar, 
dextrose, and levulose respectively. This value, however, represents 
only 0:1 per cent. of the sum of the quantities measured in order to 
determine it, and it is not surprising, therefore, that, when we com- 
pare it with the values which we have obtained by direct measure- 
ment, we find but little agreement with the latter, the 9:1 cal., when 
combined with the heat of dissolution of the substances concerned, 
leading to — 1-0 cal. per gram for the heat of inversion in the dissolved 
condition, whereas the actual value would appear to be + 11-2 cal. 

Fleury, in 1875, recorded the fact (Compt. rend., 81, 196) that a 
distinct elevation of temperature occurs when a solution of cane-sugar 
is poured into dilute hydrochloric acid. Although he appears to have 
made no correction for the heat of dilution of the acid, nor of the cane- 
sugar, he considers that his experiment proves that the inversion is 
an exothermic reaction. 

In the year 1882, F. Urech (Ber., 15, 2457), whilst studying the 
influence of mass and time on the acid inversion of cane-sugar, 
incidentally noticed the same fact, and, a short time before this, 
one of us had observed a distinct evolution of heat attending the 
inversion of a cane-sugar solution with the invertase of yeast. 

As regards the heat phemonena of starch-hydrolysis, but very few 
references are to be found in chemical literature. Following the 
indirect method based on heat of combustion, C. v. Rechenberg (Joc. 
cit.) estimated that the conversion of 1 gram of starch into maltose 
by diastase would be attended with the liberation of +28 heat units, 
a result which we shall presently see is very wide of the mark indeed, 
and that +17 heat units would be liberated by the complete conver- 
sion of 1 gram of starch into dextrose by dilute acid. 

On the other hand, C. O’Sullivan states (Trans., 1879, 35, 785) that 
there is a considerable wbhsorption of heat when the hydrolysis of starch 
by diastase takes place according to his equation C, that is, when 
the mixed products of transformation apparently contain 17:4 per 
cent. of maltose. 

From the above remarks, it will be seen that the whole question of 
the heat phenomena of carbohydrate hydrolysis is practically untouched 
from the quantitative side. It is an important question, whether we 
regard it merely in its chemical or in its physiolgical aspects ; for, on the 
one hand, any information must be welcome which will tend to throw 
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light on the still obscure processes of starch-hydrolysis, and, on the 
other, starch and cane-sugar play such an important part in plant life, 
that a knowledge of the amount of energy absorbed or liberated 
during their deposition or re-dissolution within the living cell may 
ultimately influence our views of the modus operandi of assimilation, 
translocation, and the temporary storing-up of these carbohydrates in 
the various organs. 

It would be very difficult in any delicate calorimetric experiments, 
such as we are about to describe, to work at temperatures above that 
of the surrounding air, especially when the reactions do not progress 
very rapidly ; we have, therefore, at the outset, confined ourselves to 
such hydrolytic actions as are capable of progressing with fair rapidity 
at ordinary temperatures, and the products of which admit of accurate 
determination. 


(1) Hydrolysis of Starch by Vegetable and Animal Diastase. 


It has been shown (Brown and Heron, Trans., 1879, 35, 626, and 
Brown and Morris, Trans., 1895, 67, 309) that the action of malt- 
extract on gelatinised starch at ordinary temperatures can, under 
favourable circumstances, be rendered very energetic, and that the 
reaction becomes stationary when the products of hydrolysis contain 
about 81 per cent. of maltose. Owing to the extreme viscidity of the 
starch-paste produced by the gelatinisation of solid starch, it was 
not found practicable to use this in the calorimeter, as will be 
explained later ; most of our experiments, therefore, have been made 
with Lintner’s “ soluble-starch,” produced by the limited action of acid 
in the cold on ordinary, well purified potato-starch. Wehavein some 
cases, also, used the mixed transformation-products of starch with 
diastase, obtained by arresting the reaction at some intermediate point. 

For the active agents of hydrolysis we have used (1) malt-extract, 
made by digesting a very actively diastatic, air-dried barley-malt 
with 24 times its weight of water for 12 hours; (2) a solution of 
Zaka-diastase, containing an active diastatic enzyme extracted from a 
cultivation of Hurotium Oryze on bran (Japanese Koji ferment) ; 
(3) diluted “‘ mixed ” human saliva ; (4) a solution of pancreatin, con- 
taining the active diastatic agent of animal pancreas. As regards the 
last-mentioned hydrolytic agent, the ordinary “Liquor Pancreaticus ”’ 
(Benger), which had been successfully employed in previous researches, 
was not applicable to the present enquiry, owing to the heat disturb- 
ance introduced by a small amount of alcohol contained in it. We 
are indebted to the courtesy of Mr. Benger for the preparation of a 
solid pancreatin which is free from this defect. This was dissolved 
in water at the rate of 4 grams per 100 c.c., and the filtered liquid was 
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used as the hydrolytic agent. The solid could not be used directly in 
the calorimeter owing to its floating on the water without becoming 
wet. 

It was shown in 1880 (Brown and Heron, Trans. Roy. Soc., 1880, 
395) that the starch-hydrolysing enzyme of the pancreas has an action 
on starch which, for the first 50 or 60 minutes, is in every way com- 
parable with that of malt-diastase as regards the chemical nature of 
the products. If, however, the action is continued for several hours 
at 40°, a certain amount of dextrose is formed at the expense of the 
maltose. In the calorimetric experiments with pancreatin, presently 
to be described, the time and temperature were so restricted that 
only maltose and dextrin were formed, so that the results compare 
with those obtained with malt-extract. 

We have found, on the other hand, that the Taka-diastase, when 
acting at ordinary temperatures even for a short time, gives rise to so 
much dextrose that the thermal results obtained with it are not strictly 
comparable with those obtained with malt-extract or pancreatin. 

The action of the diluted “ mixed” saliva was not found sufficiently 
energetic at ordinary temperatures to render the thermal results 
obtained with it of any value. 

The analysis of the products of hydrolysis was carried out by the 
methods described in detail by Brown, Morris and Millar (this vol., 
p. 72). The amount of hydrolytic change can be expressed either by 
the amount of apparent maltose produced during the action, or by the 
amount of hydrolysed amylin corresponding to the maltose ; we have 
preferred to adopt the latter mode of expression. 

When adding an enzyme to a solution of starch in order to measure 
the thermal value of the conversion, it is scarcely possible to adopt 
the same method as that employed when adding an alkali to dextrose, 
&c., as described in the previous paper, for the enzyme solution to be 
used measures about 50 c.c., and any error in determining its tempera- 
ture—such as may always be expected when the temperature has to 
be taken as that of the air-bath in which it is placed—would produce 
an appreciable error in the results, especially as the thermal changes 
to be measured are very small. To obviate this difficulty, the enzyme 
solution was placed in a pipette, the end of which was drawn out into 
a long fine tube, bent first upwards and then downwards, so that the 
liquid could be left in it without running out, and this pipette with 
its contents was immersed in about 500 c.c. of the starch or other 
solution in the calorimeter. The pipette was connected with a com- 
bined force and suction pump, so that when necessary the liquid could 
be forced out of it into the other liquid in the calorimeter, and then 
some of the mixture drawn in and forced out again, in order to wash 
the pipette out. By following the fall or rise of temperature in the 
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calorimeter for a considerable time till the rate became quite constant, 
it could be ascertained when the temperature of the contents of the 
pipette was the same as that of the starch solution outside, and when, 
therefore, the mixing might be performed. Check experiments, in 
which previously heated, and consequently inoperative, enzyme solution 
was added to a starch solution (experiments 2 and 14 in Table I) 
showed that the method was capable of great accuracy, the thermal 
disturbance in these two cases being —0°0004° and +0°0006° (about 
0:05 mm. of the mercurial column) respectively. In some blank 
experiments, where the unheated enzyme solution was added to water 
(experiments 7 and 15), the heat disturbance was rather greater, 
— 0°002° and — 0:0017°, but still little more than might be attributed to 
the errors in reading the thermometer.* 

The error in the determination with the active enzyme on starch, 
must, however, be greater than in these check and blank experiments, 
for, in order to get a fair amount of conversion, the action has to be 
allowed from 10 to 30 minutes (generally 15 to 20 minutes), and the 
correction for cooling during this interval is considerable, generally 
much larger than the actual rise of temperature to be measured. 
Even after the lapse of 30 minutes, the conversion is by no means 
complete, and it is necessary to stop it, both that the rate of cooling 
at the “‘ final” temperature may be determined, and for the purposes 
of the subsequent analysis of the liquid. In the earlier experiments, 
Nos. 1, 3, 4, 8, 9, 10 and 11 in the table, the action was stopped by 
adding a little alkali, and the rate of cooling then determined ; as, 
however, the alkali somewhat interfered with a complete polarimetric 
examination of the solution, in the later experiments (5, 6, 12 and 13) 
50 ¢c.c. were removed for analysis before the alkali was added, and 
were transferred quickly to a flask of boiling water, the contents of 
which were afterwards evaporated to 50 c.c. before analysis. 

When starch is hydrolysed with diastase, the maltose is, as we have 
mentioned in the previous paper (p. 770), produced in the a form, and 
this in the presence of water is gradually converted into the optically 
stable 8 modification ; since, however, this change to optical stability 
involves, as we have seen, no thermal change, it will not matter, so 
far as the heat determinations are concerned, whether it has occurred 
or not. Nevertheless, in order to make certain that no error was in- 
troduced in this way, the heat evolved on adding the ammonia to stop 
the reaction (which would also convert the a- into the B-maltose) was 
measured, and similar measurements were made with a mixture of 


* Any thermal effect on dilution of the malt extract would naturally be greater 
when the dilution was effected by water than when effected by starch solution, so 
that the slightly larger heat changes measured in these cases are not, necessarily: 
due to error, 
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starch-solution and previously heated malt-extract, adding several 
doses of ammonia in each case: but the heat evolved in the two 
instances was strictly identical, as it should be according to our 
previous work. It has not been thought necessary to give the details 
of the experiments in the table. 

The results of the action of freshly prepared malt-extract on a 3 or 4 
per cent. solution of Lintner’s soluble-starch are given in the first part 
of Table I. (p. 794). A rise of temperature is observed immediately, 
evolution of heat gradually slackens, until, after about 10 minutes, it 
becomes inappreciable under the conditions of the present experi- 
ments. 

There is a certain amount of chemical evidence in favour of the 
view that the molecule of soluble-starch is simplified prior to its hydro- 
lysis, and it seemed a matter of interest to determine it this molecular 
simplification is attended with any absorption of heat. Two different 
series of experiments were undertaken with this object in view. 

In the first, the malt-extract was reduced to one-eighth of the 
usual strength, and the temperature was read at half-minute inter- 
vals, If any absorption of heat had occurred in the early stages of 
the reaction from the above-mentioned cause, it seemed reasonable to 
expect that it would show itself in a short initial period of “ incuba- 
tion,” but nothing of the kind was observed. 

In the other series, recorded in experiments 3 and 4 of Table I, instead 
of commencing with soluble-starch, we employed solutions of the 
mixed starch-transformation products which had been previously 
hydrolysed down to an intermediate point, and then fixed by boiling. 
These solutions consequently still contained readily hydrolysable 
dextrins and maltodextrins, but the complex molecular grouping of 
the starch, should such a thing exist, must certainly have been broken 
down. Inexperiment 3, the specific rotatory power had been reduced to 
[a ]p 173°7°, the apparent maltose (R) being 55:8 per cent., whilst in ex- 
periment 4, the mixed solids had a specific rotatory power of [ a ]p 171°9°, 
and the apparent maltose was 53-0 percent. During subsequent hydro- 
lysis of these solutions in the calorimeter, 7:28 grams and 4:79 grams 
respectively of the amylin constituents were converted into maltose, 
and the amount of heat evolved per gram of amylin hydrolysed 
is seen in both cases to be practically identical with the heat evolved 
under similar conditions from a similar amount of soluble-starch in 
solutions which had not been partially converted. In other words, 
the absorption of energy, if such there be, requisite to break down 
the larger molecule of soluble-starch, is so small as to be inappreciable 
by this method of experiment. We can, therefore, draw the important 
conclusion that in starch-hydrolysis by diastase the heat liberated is 
sensibly proportional to the amount of hydrolytic work done, or, 


CARBOHYDRATE HYDROLYSIS, 789 


what is the same thing, to the amount of water fixed, and that this is 
independent of whether we commence with starch bodies of a high, or 
of an intermediate degree of complexity. 

A partially converted starch solution was used in some of the other 
determinations (5, 6, 12 and 13), as such a solution is quite clear, and 
cannot contain any undissolved starch. 

The mean value of our five determinations is +2°60 cal. per gram 
of amylin transformed into maltose, when malt-extract is the hydro- 
lysing agent. The difference between the extreme determinations is 
0°45 cal., corresponding to 0°007°, which must be regarded as small 
when we consider the duration of the experiments. 

The next experiments in the table are those in which pancreatin 
was used as the hydrolysing agent instead of malt-extract. 

The blank determinations with water, and the check determinations 
with heated enzyme solutions, gave the same results as those with 
malt-extract : the actual determinations gave also similar results as 
to the amount of transformation, the instantaneity of the heat evolu- 
tion, and the duration of the action ; but as regards the quantity of 
heat liberated, the values, it will be seen, are sensibly Jower than with 
the malt-extract. The highest value with the pancreatin, it is true, 
very nearly approaches the lowest with malt-extract, but they are all 
somewhat lower, and the mean of our six determinations is 1°70—a 
value 30 per cent. below that with malt-extract. Such a difference, 
we think, cannot possibly be attributed to mere experimental error, 
and the explanation must be sought in other directions, 

That there should be such a difference in the heat evolved in the 
action of two different enzymes is very remarkable, for the amount 
of enzyme which is requisite for the hydrolysis of a substance like 
starch is so extremely small in comparison with the mass of the hydro- 
lyte* decomposed, that it might reasonably be expected that the thermal 
results would be those due to the hydrolysis of the hydrolyte only, 
any heat disturbance due to the change in the enzyme concerned being 
quite inappreciable. 

, Indeed, it is most probable that the enzyme does not undergo any 
permanent change at all during the hydrolysis, but merely plays 
the part of a ‘trigger’in the operation: that it forms in the 
first place an unstable combination with the hydrolyte,f and that 
this is rapidly broken up again by the excess of water present, 
the enzyme being once more liberated in its original state ready to 


*The word hydrolyte, which is comparable with electrolyte, is used to signify the 
substance hydrolysed. 

+ That such a combination would be conditioned by the correspondence of the 
configuration of the enzyme with that of the hydrolyte, seems highly probable from 
some recent work of E. Fischer (Ber,, 1894, 2985 and 3479 ; ibid., 1895, 1429). 
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enter into further combination with more of the hydrolyte. It is 
easy to see how, by such a cycle of operations, an extremely small 
amount of enzyme can do a very large amount of hydrolytic work. 
The heat disturbances caused by the union of the enzyme with the 
hydrolyte would, of course, on this assumption, be exactly balanced 
by disturbances of an opposite sign when the enzyme-hydrolyte com- 
pound was broken up again ; and, therefore, if we have two different 
enzymes acting on the same hydrolyte, and producing the same final 
chemical products, as we have every reason to believe is so in the cases 
under discussion, we must get the same final heat disturbance per unit 
of substance hydrolysed. 

It is just this result which we do not get when starch is hydrolysed 
by malt-diastase and by pancreatic diastase respectively, and the only 
conclusion that can legitimately be drawn is, either that the operation 
of the enzyme is not such as is described above, or that there are some 
differences in the final products of change in the two cases which 
have escaped notice. 

The attempts to investigate the thermal changes accompanying the 
hydrolysis of starch by saliva, and by the Taka-diastase were not suc- 
cessful. In the case of saliva, as we have already said, we could not 
obtain a sufficiently rapid hydrolytic effect at ordinary temperatures 
to enable us to follow the reaction in the calorimeter. 

With a 4 per cent. solution of Taka-diastase, the first difficulty met 
with was a precipitation of phosphates on adding the ammonia to 
stop the reaction, and a gradual absorption of heat on this account, 
which interfered with the measurement of the final rate of cooling. 
This difficulty was obviated either by adding hydrochloric acid instead 
of ammonia, and then neutralising with ammonia after the rate of 
cooling had been determined, or by removing a portion of the liquid 
into boiling water before the acid was added. 

So far as the evolution of heat is concerned, the action of Taka- 
diastase appears to be much more feeble for an equal amount of amylin 
converted than that of either malt-extract or pancreatin. The results 
do not, however, admit of anything like strict comparison, as the 
products of hydrolysis are not the same. With the Taka-diastase, a 
portion of the starch-products, unlike those obtained with malt-extract 
and pancreatin, always contain more or less dextrose, a secondary 
product derived from the maltose, and since the formation of this 
dextrose is, as in the analogous case of starch-hydrolysis, most pro- 
bably an endothermic change, the action of Taka-diastase, if confined 
to the maltose stage, would evolve even less heat than that which 
was measured, and considerably less than that evolved by either malt- 
diastase or pancreatic diastase. 

Repeated endeavours were made to determine the heat of hydrolysis 
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of starch-paste by malt-diastase, as it seemed probable that the change 
from the extremely viscid to the limpid state might be attended by 
heat disturbance. 

When a 3 per cent. starch-paste was placed in the calorimeter it 
was found that the stirrer, however quickly it was rotated, cut through 
the viscid liquid at the bottom without producing the slightest motion 
at the surface, so that no uniform temperature could be obtained in 
this way. The procedure was then modified by placing the malt-extract 
in the calorimeter and the starch-paste in the pipette. A larger 
calorimeter was used, holding 1300 c.c. of water mixed with 100 c.c. 
of malt-extract, and the pipette held 180 c.c. of the starch-paste. 
There was thus only one-third as much starch present as in the 
former experiments, and the total bulk of liquid was nearly three 
times as great, so that the same percentage of conversion would produce 
a rise of temperature only about one-ninth of that in the former cases. 
The comparative magnitude of the thermometric error is, therefore, 
largely increased, and when small quantities are to be measured, the 
results can have but little value: in addition to this, when dealing with 
180 c.c. of such a viscid substance as starch-paste, it is impossible to 
feel certain that it has really attained the temperature of the sur- 
rounding liquid before it is mixed with it. The two determinations 
which appeared to be most satisfactory are given at the end of Table I. * 
The mean of them leads to a value which is higher than that obtained 
with the soluble-starch, though one of them gives exactly the same 
value as the mean of the soluble-starch results, A blank determina- 
tion in which starch-paste was added to water (experiment 19) gave per- 
fectly satisfactory results, and fairly good results were obtained with a 
further check determination (experiment 18) in which the soluble starch 
solution was used instead of the starch-paste : the value obtained with 
it was 1°8 cal. instead of 2°6 cal., as it should have been according to 
the previous determination, but as the difference represents only 
0'0027°, it cannot be regarded as otherwise than satisfactory. So far 
as the evidence goes at present, we cannot consider that we have any 
positive proof that the thermal disturbance attending the hydrolysis 
of starch-paste differs materially from that of soluble-starch, but the 
nature of such difference as has been observed is of an opposite 
character to that which might have been expected, the hydrolysis of 
the paste liberating the greater amount of heat, and thus indicating 


* The ‘ satisfactoriness’ of a determination may be inferred if the rates of cooling 
before the beginning and after the end of the experiment are nearly identical (the 
difference between the beginning and end temperatures being very small), and also 
if the expulsion of the contents of the pipette causes no sudden alteration of tempera- 
tures, as would be the case if its contents were not at the same temperature as the 
liquid in the calorimeter, 
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that the transformation of starch-paste into soluble-starch is probably 
an exothermic reaction. 

The apparatus for this particularly difficult determination might be 
somewhat improved by substituting a coil of glass tubing for the 
pipette to hold the starch-paste, but the chief method of reducing the 
experimental error would have to be the multiplication of the number 
of determinations, interspersing them with similar determinations 
with Lintner’s soluble-starch, In this way, a fairly trustworthy value 
might be obtained. 


(2) The Hydrolysis of Cane-sugar by Inveriase. 


The heat of inversion of cane-sugar by invertase was investigated in 
the same manner as the heat of transformation of soluble-starch by 
diastase. The inverting agent was obtained from yeast by completely 
drying it at comparatively low temperatures on porous tiles, rubbing 
up the dry powder with water, and filtering until perfectly bright. 
The dark yellow solution thus obtained had an extremely energetic 
inverting power. 

When the reaction had proceeded sufficiently far in the calorimeter, 
it was stopped by the addition of a very small quantity of ammonia, 
and the invert-sugar formed was estimated by means of the polari- 
meter and the cupric-reducing power of the solution, corrections, of 
course, being applied for the optical and reducing properties of the 
** yeast liquor.” 

The results of two concordant experiments are given in Table II 
experiments 1 and 2), and they lead to a value of 11°21 cal. per gram 
of cane-sugar inverted. This is five times larger than the heat of 
hydrolysis of starch. 

In the first experiment, the action was allowed to continue for 
about 40 minutes, and in the second for half this time. It will be 
seen that the amount of sugar inverted is very nearly proportional to 
the time allowed. The evolution of heat commenced at once on the 
addition of the invertase, and proceeded at the same rate for 30 
minutes, after which there was a very slight slowing down. 

When the action is stopped by the addition of ammonia, those por- 
tions of the dextrose and levulose which are still in the a form are, of 
course, converted into the optically stable B form (see preceding 
paper), the dextrose with an evolution of heat, the levulose with an 
absorption. Owing to the long duration of the experiment, however, 
a large proportion of both will have become converted into the opti- 
cally stable modifications before the alkali is added, especially in the 
case of the levulose, where, as we have seen, the transformation is very 
rapid. In the determinations made with a special view to investigate 
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this point, the addition of ammonia, when all corrections were made, 
appeared to cause no temperature change, the small amount of heat 
evolved by the conversion of the residual a-dextrose to the stable 
form being probably counterbalanced by the heat absorbed in the con- 
version of the residual a-levulose, the greater value of the latter 
change being discounted by the smallness of the amount of uncon- 
verted a-levulose present. “ 

The determinations in question are those in the two series 1—4 and 
5—8, Table IT (p. 795), in which the heat evolved on adding the 
ammonia after inversion had occurred (experiments la, 2a, and 5) was 
compared with that evolved by adding the ammonia to the same 
quantity of cane-sugar mixed with previously heated, and, therefore, 
inoperative invertase (experiments 3, 4,6, 7,and 8). The heat evolved 
in the two cases is practically the same in both series—0°0823° against 
0:0883° in the first series, and 0°0611° against 0°0513° in the second 
—ulthough the determinations with the heated invertase are not very 
concordant, a fact which is probably due to the yeast extract which 
was used containing a little of some volatile acid which was expelled 
to a greater or less degree during the heating. No alteration, there- 
fore, will be made in the value of +11°21 cal. if the ammonia is 
added to reduce the products to the optically stable form, in other 
words, the value expresses the heat change accompanying the in- 
version of cane-sugar into the @ forms of dextrose and levulose. 
From this value, with the help of our previous determinations of the 
heat of conversion of the a to the 8 forms, as described in our last 
paper, we can deduce the thermal value of the inversion into the 
a form of these substances. It must be borne in mind that 1 gram 
of cane-sugar yields on hydrolysis 0°526 gram of dextrose and the 
same amount of levulose, and that, whilst the heat change of a- into 
B-dextrose is +0'588 cal. per gram, that of levulose is — 4°64 cal. 
The heat of inversion of cane-sugar to the “ birotatory” a-forms of 
dextrose and levulose will consequently be 

11:21 — (0°588—4°64) 0°526 = +13°34 cal. 
as against +11°21 cal. for the inversion to the stable 8 forms, The 
larger of these two values represents the true heat of inversion of 
cane-sugar. 

We must express our thanks to Mr. J. H. Millar for assistance in 
carrying out the chemical details of the experiments described in this 
and the preceding paper. 
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LXXV.—Experimental Verification of Van't Hoff’s 
Constant in very Dilute Solution (Law of 
Molecular Depression). | 


By Meyer Witpermay, Ph.D. 


In my paper on “ Dalton’s Law in Solutions” (this vol., p. 743), I gave 
a short account of the theoretical deductions of Van’t Hoff, Planck, 
Riecke, Boltzmann, Lorentz, and Van der Waals. 

In Van’t Hoff’s thermodynamical argument, the solutions are as- 
sumed to be very dilute, and the same is the case with the deductions 
of Planck, Riecke, Lorentz and others. The experimental verification 
of Van’t Hoff’s laws in dilute solutions is therefore specially important. 
The determination of the molecular depression of the freezing point is 
the safest and most convenient method of testing the validity of these 
generalisations, and this has been done for moderately dilute solutions 
by Van’t Hoff himself and by Eijkman (Zeit. physikal. Chem., 1888, 2, 
964°; 1889, 3, 113, 203), and the equation ¢ = 0°0272/w, where 7’ is the 
absolute temperature, w the latent heat of melting of the solvent, has 
been experimentally verified and confirmed for several solvents. It was, 
however, both necessary and important to work out the freezing point 
method for very dilute solutions in order to submit Van’t Hoff’s equa- 
tion toa more rigid test, and, if possible, find a more accurate con- 
firmation of it. This difficult task was successfully carried out by my 
late friend, Mr. P. B, Lewis, and myself, the following being the papers 
bearing on the subject: “A New Method of Determining Freezing 
Points,” by P. B. Lewis, Trans., 1895, 67, p. 1, and Zeit. physikal. Chem., 
1894, 15, 353, 365; “On the Real and Apparent Freezing Point 
and the Freezing Point Methods,” Proc., Roy. Soc., 1896, 251, and 
Zeit. physikal. Chem., 1896, 19, 63. 

The value of ¢=0°027/w is 1°87, if with Bunsen and others we take 
the latent heat of fusion of ice to be 80 cal., and is somewhat greater 
if w is=79°6 cal. 


Van't Hoff’s Constant, when the Convergence Temperature is above the 
Freezing Temperature. 


In the Phil. Mag., 1895, 40, 113, and in the Zeit. physikal. Chem., 
1894, 14, 337, and 1896, 19, 233, I published an investigation of cane- 
sugar, alcohol, urea. These substances had been previously investi- 
gated by Jones and by Loomis. While their molecular depressions were 
either too great (Jones, Phil. Mag., 1893, 36, 465 ; 1895, 40, 383), or too 
small (Loomis, Ann. Phys. Chem., 1889, [ii,] 51), the deviations from 
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normal values amounting in dilute solutions to 10, 15, and 20 per 
cent. of the total value, I obtained in all cases normal values. In the 
paper, “On the Real and Apparent Freezing Points and the Freezing 
Point Methods,” I have shown in detail that the results obtained by 
Mr, Jones and Mr. Loomis are due, not to the nature of the pheno- 
menon, but to the insufficiency of the methods employed; in this paper, 
the convergence temperature was above the freezing temperature in 
the investigations carried out under the experimental conditions 
I employed. 


Van's Hoff’s Constant, when the Convergence Temperature is below the 
Freezing Temperature. 


The previous investigations were carried out with the 1 1000° ther- 
mometer until August, 1894 ; but since then all my investigations 
have been carried out with the 1/1000° and 1/100° thermometers simul- 
taneously. I have endeavoured to reduce the reading error of the 
1/100° thermometer by making many readings; this can easily be 
done in the method I employ, where the freezing temperature can be 
kept constant within 1, 2, 3 ten-thousandths of a degree during 10, 15, 
or 20 minutes and longer. In the winter of 1894—5, I repeated my 
investigations of cane-sugar and alcohol with the convergence tempera- 
ture below the freezing temperature, using the same part of the scale 
of the 1/1000° thermometer, and taking special precautions to correctly 
determine the quantities of alcohol and cane-sugar taken. I again 
found the ,value 1°84 instead of 1°87 (Zeit. physikal. Chem., 1896, 19, 
p. 234). Besides these, acetone, aniline, dextrose, and phenol have been 
investigated under the same conditions and with the same part of the 
scale (Tables and II). Van’t Hoff’s constant as obtained with the 
1/1000° thermometer is, in all cases, 1°84 or 1°85 instead of 1°87, and 
this is, in all probability, due to the fact that the absolute value of 
this part of the scale is 1 or 2 per cent. too small. Later, in 1895, I 
again investigated cane-sugar and urea with a new part of the scale, 
and with the convergence temperature below the freezing temperature, 
and also examined resorcinol, maltose, sugar of milk, and dextrose. 
The experiments on cane-sugar and resorcinol were published in the 
Zeitschrift fiir physikalische Chemie, 1896, 19, p. 234; in Tables III 
and IV, urea, maltose, sugar of milk, dextrose are given. The values 
obtained were about 1°89 for cane-sugar and resorcinol, 1°87 for urea, 
186 for sugar of milk, 1°85 to 1°86 for dextrose, and 1°84 to 1°87 for 
maltose. 

In the Tables I and II, the experimental data are given : 


a is the number of molecules in solution per litre (pure water being 
0); y is the freezing point of the water or of the solution as read on 
VOL, LXxI 3H 
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the 1/1000° thermometer ; 4, tle number of readings of the temperature 
made after the freezing point has been reached; ¢, the limits within 
which the temperature varied ; ¢ is the time over which the readings 
extended ; 6 is the amount of over-cooling, or difference between the 
temperature of the solution before and after the formation of ice, the 
temperature being read on 1/100° thermometer ; c, the temperature of 
the ice-bath ; c’, the temperature of the room; & is the reading of the 


barometer. 
From these experimental data, Tables II and IV are deduced, in 


which are given : 
a, the number of molecules of the substance dissolved per litre. 
a, the observed lowering oi the freezing point. 
k,—k,, the change of atmospheric pressure calculated from water. 
a corr., the lowering of the freezing point if the correction for atmos- 


pheric pressure is applied. 
b, the number of degrees of over-cooling read on the smaller ther- 


mometer, 

c, the amount of solvent which separated as ice, expressed per cent. 

d, the factor by which the molecules given under a must be 
multiplied in order to obtain 

acorr., that is, the concentration of the solution after separation of 
the ice. (It is better to correct the density than the lowering of 
the freezing point, on account of dissociation.) 

» Garand ae = 8 givesthe molecular lowering of the freezing point, which, ac- 

a corr. 
cording to Van’t Hoff, is represented by ¢ = 0:027'?/w = 1'878 (if w =79°6), 
or = 1°87 (if w= 80) for aqueous solutions. 

J, correction for temperature of room. 

B’ is obtained from f after the correction for temperature of room 
is applied. 

We iave therefore investigated in dilute solutions, with the 
1/1000° and 1/100° thermometers, Van’t Hoff’s constant in a long 
series of substancés, cane-sugar, alcohol, urea, acetone, aniline, phenol, 
dextrose, resorcinol, maltose, sugar of milk, with the convergence 
temperature both above and below the freezing temperature, using 
different parts of the scale of the 1/1000° and 1/100° thermometers. 
Only small deviations from the theoretical value 1°87 have been 
found. 

. From the above, it may be safely concluded that Van’t Hoff’s ther- 
modynamic equation, whatever may be the cause of the small 
deviations, has received abundant confirmation from the results obtained 
with dilute solutions, the evidence being even more satisfactory than 
is the case with most of the generalisations established on the thermo- 


dynamic basis. 
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Some further particulars will be of use to the reader, and are given 
below. 
Further Particulars of above Experiments. 


In all the experiments, the same solution of each individual substance 

was used for preparing the different concentrations. 
Cane-suGaR.—Determined by specific gravity. 
yaly, 189640, Urza.—In the experiments (1), (2), (3), and (4), (5), 

119, and Zeit. (6), two different solutions were used. 

a ALcoHoL was determined by the specific gravity of a 
**""* eoncentrated alcoholic solution of about 15 per cent. 

All three of these were obtained from Kahlbaum. 

CANE-SUGAR was determined by evaporating the solu- 
tion over sulphuric acid and drying until the weight was 

Zeit. physikal. constant (from Kahlbaum). 

“een AtcoHoL.—The quantity taken was obtained by de- 
termining the specific gravity of alcohol of about 99 per 
cent. Investigated by Lord Berkeley and myself. 

AcEToNE.—Distilled. 

ANILINE gave at first bad results. After fractional distillation of a 
large quantity, the results given were obtained. 

PHENOL.—Great difficulty in getting it dry. After being about 
ten days over concentrated sulphuric acid, it gave molecular depres- 
sions of K=about 1°78. After being dried in a vacuum over sulphuric 
acid for about four days, exhausting repeatedly and frequently changing 
the sulphuric acid, the accompanying result of 1°82 was obtained. As 
phenol absorbs water very readily, much the same as sulphuric acid, 
it is difficult to dry it completely. The constant value (1°82) in all 
concentrations shows very clearly that a constant error of about 1 per 
cent. (at this scale of the thermometer) still remained in the quantity 
taken. The alcohol, acetone, aniline, and phenol were obtained from 
Hopkin and Williams. 

CaNnE-suGAR determined by specific gravity. The values 

Zeit. physital, ®°° somewhat too high at all concentrations, and the 

Chem., 1896, quantity taken was, in all probability, not accurately 

10, 236. enough determined, the solution used being more con- 

centrated than was assumed (from Kahlbaum). 

Urzra.—Recrystallised. ‘ 

Zeit. physikal. | “RESORCINOL.—Several times recrystallised, and dried for 

Chem. 1896, ten days over sulphuric acid until the weight was constant. 

19,236. (Hopkin and Williams). 

Matrtose.—Crystallised twice (from Kahlbaum). 

Suear oF Mirx.—Crystallised once (from Kahlbaum). 

Dextrose.—(from Kahlbaum). 

3H 2 
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The same cane-sugar, urea, resorcinol, and dextrose have been used for 
the investigation of Dalton’s law, the same solution being used as 
the starting point in all the experiments. 


TABLE I. 


Acetone, 1/1000° Therm. 


| | j | 

0 0-4889°(90) | 5 | 0°4878%4) | | 0-95" |-1-85°to — 1-95° 11°5°| 755°3 Ice removed. 
0°028814 | 0°4446.(7) | | 0°955 |- 1°85 to —1°95 | 11°5 | 755°3 | No ice formed. 
0°089309 | 0°4166 (7) ‘4 ~1°85 to —1°95 | 11°5 | 755°3 

0°077427 | 0°3450 0916 |-2 to —21 | 11°8)| 755°3 

0°11402 | 02763 (4) 0°2762—0°2764 ‘728 |-1°9 to -2 121 755°5 

0°14915 | 0°2108 (9) 0°2108—0°2110 | 712|-2 10 -21 | 12°5 | 755°5 | 


Aniline, 1/1000° Therm. 


[ | 
| o-4874.(5) | 6 | 0-4874—~0-4975 0-981 /-19 to-2 | Ice cap on the 
| | | bulb of the 
| thermometer. 
0 0°4874 (5) 99 ' » | Ice removed. 
0°008427 | 0°4717 0°4717 ‘ 9 | 12° | No ice formed. 
0°017286 | 0°4544 (5) 0°4544—0°4545 . . . 
0°029511 | 0°4827 (6) 0°4327 (6) . . 7 
0°05108 | 0°3926 (5) 0°3925—0°3927 


” 


Aniline, 1/100° Therm. 


0 iron 71 (2) 2°571—2°572 | 

9008487 | 2 

0017286 | 2°536 (7) 2°536—2°587 
|: 514 (3) 
| 2474 ©) 


2°514 
2°574 (5) 


00181 
° 0°02681 
Phenol, 1/1000 . 0-0854 
eee — —— 0 0437: 


0 0°4780 | 9 | 0°4779—0°4780 “ R , 752°0 | Ice removed. —— 
0°018109 | 0°4444 (5) 0°4444—0°4445 . 751 ‘9 No ice cap. 

0°026863 | 0°4287 (6) 0°4286—0°4287 
0°035407 | 0°4127 (8) | 0°4127—0°4128 
0°043746 | 0°3973 0°3972—0°3974 


07029511 


. 4 
555. | 2555 
5 | 

0°05103 


Phenol, 1/100° Therm. 


0 6°837 (6) | 2 | 6°337—6°336 | 
0°018109 | 6:302 2 
0°026868 | 6° 2 4 284 
0°085407 | 6° 2 | | 
0°043746 | 6°054(3) | 2 | oes" 053 


| 
| 
| 


| 
. 0°007603 


Dextrose, 1/1000° Therm. 07015064 


| 
0°4908 4 0°4908 10 | a -17 9° | 766°5 | Network of ice 
on the bulb. 
- a ide - ea Ice removed. 
‘4767—0°4769 | 10 | 1°0 —1°75 9 | 765-7 | No ice cap. 
9 | 766°2 a 


0°4767 710 
0°4625 6 | 0°4624—0°4626 | 10 | 1°0 |—1°70to -1°75 
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Tasie II. 


| a corr. 
ky -ko, ; ; : acorr. | B= For, 
x 100. 


Acetone, 1/1000° Therm. Scale, 0°4878° (9) —0°2108° (9). 


o-028814 | 0°0443° 0°0443° | 0°956°| 1-194°/, 100 :98°81 | 0°02410 183°8 


0°039309 0°0723 0°0723 0°867 | 1°084 | 100: 98°92 | 0°039745 182°0 

| corr. +0°0004 | corr. 183°0 
0077427 |» 0°1489 (40) 0°1430 (40)| 0°916 | 1°145 | 100: 98°86 | 0°07832 183°7 
0°011402 | 0°2126 , 0°2126 0°723 | 0°9038 | 100: 99°10 | 0°1152 18h4°5 
0°14915 0°2781 0°2781 0°712 0°890 | 100 :99°11 | 0°1506 184°8 


| 


Aniline, 1/1000° Therm. Scale, 0°4874° (5)—0°3926° (5) 


1°125 | 100 : 98°76 0°008523 | 184°2 (185°4) | —0°00002° 
188°7 


- 0700004 
corr. 185*2 
984 | 1°28 100 : 98°80 | 0°02988 183 4 — 0°00008 
914 | 1°187 ‘ete 0°05161 183°9 —0°00003 


0-008427 | 0-017 (8) | . 9 | 

0°017286 | 0°330? | % “961 | 1°201 | 100: 98°88 | 0°01749 
corr. 0°0006 | 

0°029511 | 0°0548 0°0548 5 

0°05103 0°0949 | 0°0949 “9 


{ 


Aniline, 1/100° Therm. Scale, 2°571° (2) —2°474° (5). 


0°016 (7) | 0-016 (7) | coeses | 18727 (199°5) | ~o-00011%| { 7508 


0°085 0-035 017 200°2 —0-00018 | 199 
0°058 0-058 . 194'1 —0°00037 | 192-7 
0°097 0-097 187°9 +0°00019 | 188°3 


Phenol,t 1/1000° Therm. Scale, 0°4780°—0°3973°. 


0°018109 , 0°0336 Wn | 1°047 | 1:309 100 : 98°69 0°01835 | 


0°026863 | 0° -2| — 0°0498 (4) | 0°839 | 1°049 | 100:98°95 | 0-02715 
07035407 | 0° 0°0652 (1) | 0°818 | 1°023 | 100: 98°98 | 0-08577 
0048746| 0° 6} — 0°0805 "| 0°818 | 1-016 | 100:98-98 | 0-04420 | 


Phenol,§ 1/100° Therm. Scale, 6°337° (6)—6°054° (8). 


| 0°01885 | 190°? (185°3) 
0°02715 | 195° (191°5) 
0°08577 | 1873 (184"5) 


| 
035 (4) | --0°1 0°085 (4) 
| 
| 0°04420 185°5 


-0°2 0-058 @ 
-0°3 0°067 (6 
-0°5 0082 


Dextrose,t 1/1000° Therm. Scale, 0°4908°—0°4625°. 


0°007603 | O-O141 —0°8 0°0189 10 1-95 100 : 98°75 | 0°007699 180°5 


corr. +0°0008 corr, 184°5 | 
0°015064 0°0283 —0°3 0°0282 1°0 | 1°25 = |7100: 98°75 | 0°01525 184°9 


* Correct temperature of room for 1°:0°00015 x 0°488° = 0°00087°. 

t Correct temperature of room for 1°: 0°00015 x 2°57° = 0°00037°. t Beaker broken. 

§ Examination of the scale of the 1/100° therm. with microscope and micrometer scale has shown that the lines 
6°32", 6°31°, 6°14°, have not been sufficiently exactly placed, and these results will perhaps require serious correction. 
For all other investigations with the 1/100° therm. parts of the scale, where the graduation was found to be 


carried out correctly and delicately, have been used, 
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TasieE III, 


ce 


Urea, 1/1000° Therm. 


0 0°3642°(1) 
0 0°3644 (5) 
0004107 | 0°35566 (7) 


0°010168 | 0°3449 (50) | 


0°016084 | 0°3337 (8) 
0°027632 | 0°3113 


5 
4 
3 
6 
5 
8 


{ 
0°3640°--0°364i° 
0°3645—0°3643 | 
0°3566—0°3567 
0°3449—0°3450 
0°3337—0°3338 
0°3312—0°3314 

| 


755°7 | Ice formed. 
os Ice removed. 

755°5 | No ice cap. 

754°8 

754°7 


Urea, 1/100° Therm. 


0 
0 
0004107 


4°266—4°267 


iP 
4°258 —4°259 
4°246—4°247 
4°235—4°237 
4°212—4°214 
4°265—4°266 


” 


| 
| 
| 


Maltose, 1/1000° Therm. 


0 }*3660 (1) 
| 0°3661 (2) 
005140 | 0°3562 (3) 
07010074 | 0°3469 
0°019548 | 0°3296 (5) 
0028264 | 0°3184 (3) 
0°042694  0°2873 


1 


6 
4 
8 
9 | 


0 
6 
0 


| o- 3659—0°3661 
0°3661—0°3662 
0°3562—0°3564 
0°3468 —0°3471 
0°3295—0°3296 
0°3134 (3) 
0°2873—0°2876 


1°058 
9? 
1-062 
1°048 
0°890 
0°895 
0°939 


18°6° | 


18°4 
18°0 
18°4 
18°6 
18°6 


| 764° 7 | Ice formed. 


Ice removed. 
| 764°6 | No ice cap. 
764°4 - 

764°2 a 

764°1 es 


764°1 
| 


Maltose, 1/100° 


0 

0 

0°005140 
0°010074 
0°019548 
0°028264 
0°042694 


4°268 


” 
4°256—4°257 
4°248—4°249 
4°229—4°230 
4°214—4°215 

4°189 


| 
| 
| 
| 


Sugar of Milk, 1/1000° 


0 0°3640 (39) | 
0°005325 0° 8540 (41) | 
0701043 
0°02025 
0°03200 
0°04413 


i 
F 
| 


| 
0°3639—0°3640 
0°3540—0°3542 
0°3440—0°3441 
0°3257 —0°3260 
0°3037—0°3038 
0°2807 


7 | 1-087 
10 | 0-970 
10 | 1°043 


-2 

-21 

-2°1 
‘lto -2°2 

-2°2 

-2°1 


756°6 |Ice cap removed 
755°9 |No ice cap. 


Sugar of Milk, 1/100° 


Therm. 


0 4°273 


0 
07005325 
0°01043 
0°02025 
0°03200 
0°04413 


99 
4°2624 
4°2531 
4°2345 
4°2120 
4°1890 


4°272—4°273 


” 
4°262—4°263 
4°253—4°254 
4°234—4°235 

4°212 
4°189 


0°0041 
0°0101 
0°0160: 
002765 


0°0583] 


0°00514¢ 
0010074 
0°019548 
0°028264 
0°042694 


_ 
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Taste [1I—continued. 


fel *. Ls ae) 


Dextrose, 1/1000° Therm. 


| 086845) | 5 lo-n6s4+—o-s085" ‘987° . 2 767°8 | Network of ice. 
0°3689 (0) | 4 |0°3689 —0°3690 », | lee removed. 

014415 | 0°3416 (5) | 6 |0°8415 —0°3416 | “896 2° 3°0 | '767°0 | No ice cap. 

02767 |0°3170 | 9 0°3170 96 . 3°8 | 766°6 | KS 

04544 | 0°2827 (6) | 10 |0°2827 —0°2826 "889 | 2° . 766°0 oe 


Dextrose, 1/100° Therm. 


| 10 | 4°277—4°278 
” ” 
6 | 4°248—4-249 
8 | 4°224—4°225 
8 4°189 


TaBLeE LV. 


Van’t Hoff’s 
cna | ‘ constant 
it eh * [paB corr. x 100, 

a COrT- 


Urea, 1/1000° Therm. Scale, 0°3642° (1) to 0°2312° (3). 


| 100 | 

0004107 | 9°0078° |-0-2 mm. 0-0078° 1-104° 1'88"/,| aoe 0004165 | 
"100° 

o-o10168 | 0°0095 |-0- 0-0192 | 0-9816 | 1-227 or 0-010293 186°5 


100 | . 

sarap | 07016293 186° |-0-00001 
| 100 

00531 |-1° “058 ‘279 | — =| 0°02799 | 188°6 —0°00002 
| tae | | 
| | 100 

o-1121 |-0- 292 || 005907 | 189°4 |= 00001 | 


98°71 | 


187°3 


0°0307 |-1° } . | 1°046 1°307 


Scale, 4°2667° to 4°1537°. 


184°9 | 0 | 184-9 
0°010293 | 194°3 | 0 | 194°3 
0°016298 187°8 }—0°00012 | 187°2 
002799 191°5 —0°06020 | 190°8 
0°05907 | 188°9 | ~0°00025 | 188°6 


| 
| 0004165 | 


Maltose, 1/1000° Therm. Scale, 0°3660° to 0°2873°. 


| 100 
-0°l mm. | 0°099 1°062 | 1°317 o — | 0°005209 | 190 —0°00001* 
corr. —0°0008° 98°6S corr, 184°3 | 


0005140 | 0-0099 | 

| | 100 

0°01020 187°3 (188°2) | -0-00002 
| 


-0°3 | 00191 (2) 1048 | 1:30 | 
corr. —0°0003° B°( corr. 184°8 (185°8) 
184°7 - 0°00001 


0010074 0°0192 (3) 
ia 100 ss 
0-086 (5) | 0-890 | 1-104 |" 0019765 
100 | 0-02858 
98°90 


0°019548 | 0-0866 | 
100 
| 


184°1 | 0 


0°042694 00789 (8) | -0°6 


| 


0°0787 (6) 0°989 | 17164 182°3 (182°0) 
} corr. 183°7 


! 


—_| 0°04818 | 
98°84 


| 
} 
0°028264 | 0-628 ~—0°6 | 0°0526 0°895 | 1°10 


* Corr, temp. room for 1°C : 0°00015 x-0°37° = 0°000035° 
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Taste [V.—continued. 


Van’t Hoff’s 

Pa constant f. a" 
Hees ; pot lO x 100) °° 

| @ Corr. | 

| 


ky—kg. b. 


Maltose, 1/100° Therm. Scale, 4°268° to 4°1890°. 


00114 |-O1mm| 0-014 0005209 . |-o-000124 217 
00197 |-03 | 06-0197 001020 | e-99024 1911 
| 
i 


00383 —0°5 0°0382 0°019768 
00582 —0°6 0°0531 0°02858 
00790 = | —0°6 0°0789 0°04318 

| | | | 


Milk-sugar, 1/1000° Therm. Scale, 0°8680° (1) to 0°2807°. 


1927 


—0°00012 


0 
0 


0°005325 |0-0099 = | —0-7 mm. 00097 | 0-970 | 1-212 || 0-005391 179°9 +0-00004* 
} corr. +0°0003 | corr. 185°5 

001043 |0°0199(200), -0°9 0°0196 (7) | 1048 | 1-804 | >>| 001057 | 1855 (186-4) | +-0°00007 
0°02025 | 0-0881 (2) | —0°7 00381 (0) | 1-064 |1:33 || o-o2052 | 185°7 (1852) | +0-00007 
0703200 | 0°0602 | —0°5 00601 0-942 | 1-175 | 200 _| o-os088 185°6 +0°00004 


0°004413 | 0-0882 (3) | -0°2 0°0833 (4) | 0-989 | 1°236 || 004468 | 186°4(186°6) |-+-0-00001 
| 


The real freezing point of water was here taken to be at 0°3640 (89) at 767°8 mm. Byrepeating the experiment with 
the same water, the real freezing point was found at 0°3638 (9) at 755°7 mm., therefore at 767°8 mm. at 0°3641 (2), 
calculating from this freezing point of water,we get for 


Milk-sugar, 1/1000° Therm. Scale, 0°3630° (1) to 0°2807°. 


0°0099 | 07005391 188°6 . +0°00004 
corr. to +0°0002° corr. 187°2 
0°0198 (9) | 0°01057 187°3 (188°3) }+0°00007 
0°0388 (2) 0°02052 186°6 (186°2) |+0°00007 
070603 | 0°03238 186°2 +0°00004 
0°0885 (6) 0°04468 186°9 (187°1) |+0°00001 


Milk-sugar, 1/100° Therm. Scale, 4°2733° to 4°189°. 


0°0098 | 0°005391 181°8 +0°00051f| 191 
0°0191 0°01057 180°7 +0°00091 | 1894 
0°0377 0°02052 183°7 +0°00088 | 1874 
0°0603 0°03238 186°2 +0°00051 | 1877 
0°0833 0°04468 186°4 +0°00012 | 1867 


Dextrose,} 1/1000° Therm. Scale, 0°3684° (5) to 0°2827° (6). 


. 


0°014415 | 0°0274 —0°8mm. 0°0272 0°899 | 1°115 0°01455 187 *0 


0°02767 | 0°0519 (20)} —1°2 0°0515 (6) 0°9642 | 1°196 | | 0-0280 184(184°3) — |+0-00004 
corr. 0°0004 corr. 185°4(185°7) 
-1'8 0°0858 0-889 | 1-102 |_| 004594 186°8 +0°00004 | 


0°04544 | 0°0863 


| 
| 


Dextrose, 1/100° Therm. Scale, 4°2773° to 4°1890°. 


0°0282 0°01455 193°8 t : 
0°0529 | 0°0280 188°9 +0°00050 | 1907 
0°0880 | 0°04594 191°6 +0°00050 | 192% 

achsiail 


| 


My investigations of Glycerol will be given in a paper “Cn the Influence of Non-electrolytes on the 
Degree of Dissociation.” 
. * Corr, teiap. room for 1°C :0°00015 x 0°87° = 0°000035°. 
+ Corr. temp. room for 1°C : 0°00015 x 4°27° = 0°00064°. : 
t The concentrations 0°007603 mm, and 0°015064 are given in one of my other publications, 
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LXXVI.—Apun and Apigenin.. 
By Arraur Grorce Perxry, F.R.S.E. 


APIIN, a substance which is found in the leaves, stem, and seeds of 
parsley (Apium petroselium), was so named by Braconnot (Ann. Chim. 
Phys., 1843, [iii], 9, 250), although its existence was first indicated by 
Rump (Bechner’s Hepert f. Pharm., 1836, 6, 6). Both authors ob- 
tained it as a gelatinous mass by extracting parsley seeds with boiling 
water, and, considering the readiness with which it gelatinised, 
Braconnot included it among the members of the pectin class. Sub- 
sequently, Planta and Wallace (Annalen, 1850, '74, 262) obtained 
apiin as a colourless mass melting at 180°, and to it they assigned the 
formula C,,H,,0,, ; by the action of boiling dilute acids, it was con- 
verted into a brown substance, C,,H,,O,, apparently without formation 
of sugar, although Braconnot had previously considered that this 
was formed. Lindenhorn (Jnaugural Dissertation, Wiirzburg, 1867) 
was the first who succeeded in obtaining apiin in a crystalline and 
pure condition, the product yielding on analysis C=53:57, H=5-35 
per cent., numbers which agree closely with those found by later 
workers ; by the action of dilute acids, he found that it was decom- 
posed into glucose, and apigenin C=66:13, H=3-9 per cent., and 
considered that the reaction probably proceeded as follows : 
C,,H,,0, + H,O = C,H,0, + C,H,,0,. 

In my preliminary notice on this subject in the “ Proceedings” 
(1897), I erroneously assigned the discovery of the true nature of 
apiin and the isolation of pure apigenin to von Gerichten instead of to 
Lindenhorn, who has very kindly forwarded me a copy of his dis- 
sertation ; and I wish to express my regret at this mistake. 

The latest publication on this subject is by von Gerichten (Ber., 1876, 
9, 1124), who found for apiin and apigenin numbers almost identical 
with those already obtained by Lindenhorn. By fusion with alkali, 
apiin yielded phloroglucinol and an acid not closely examined, but 
which, by the further action of the alkali, gave protocatechuic acid, 
besides some oxalic, formic, and parahydroxybenzoic acids. . Oxidised 
with chromic acid at the ordinary temperature, formic and carbonic 
acids were produced, and with nitric acid apiin yielded picric and 
oxalic acids. From these results, von Gerichten considered the most 
probable formula of apigenin to be C,,H,,0,, and that the decom- 
position of the glucoside with acids might be represented as follows : 

Oy7H3.016+ H,0 = 20,H,,0, + C)5H90,, or 
Og; H 92016 = C1¢H 2,01; + C)5H 005. 
It appeared to me possible, judging by the above reactions, that 
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apigenin was a yellow mordant dye-stuff, although no information on 
this point has, so far as I am aware, been given by previous workers. 
Experiment proved this to be the case, and the following investiga- 
tion was therefore instituted. 


EXPERIMENTAL. 


The material employed throughout this investigation was a prepara- 
tion of apiin sold by Merck, of Darmstadt, and was practically pure. 
In case, however, further purification should be necessary, the follow- 
ing method was devised for this purpose. To water kept continually 
boiling, the apiin was added so as to form a strong solution, and the 
yellow liquid very rapidly concentrated until a semi-solid, crystalline 
mass was obtained; this was collected while hot with the aid of 
the pump, washed with a little hot water, and finally pressed, these 
operations being performed with rapidity. From its hot aqueous 
solution, apiin always separates on cooling as a light yellow, trans- 
parent jelly, and its preparation in the crystalline form as above is 
probably due to a difference of the hydration of the product when 
thus caused to separate at the boiling heat. Obtained in this way, it 
forms a colourless mass of fine, silky needles, giving on analysis 
numbers which agree closely with those previously obtained by 
Lindenhorn and von Gerichten (Joc. cit.). 
0°1268, dried 100°, gave 0°2470C0, and0°0595H,0. C =53:13; H=5-21. 

O,,H,,0,, requires C =52°94 ; H =5-22 per cent. 

The object of this portion of the investigation being the study of 
apigenin rather than that of its glucoside apiin, it was subsequently 
found that no advantage was gained by this purification of the com- 
mercial substance, which was consequently employed in its original 
condition. 

Decomposition of the Glucoside.—The results of previous investigators 
have shown that apiin, in comparison with most glucosides, is but 
slowly decomposed by dilute acids, the reaction being completed only 
after prolonged digestion. To obviate this difficulty, if possible, nu- 
merous experiments were carried out with acids of varying concentra- 
tion, but without advantage, and, ultimately, with slight modifications, 
von Gerichten’s method (loc. cit.) was employed. To 3 litres of boiling 
dilute hydrochloric acid (sp. gr. 1:04), 30 grams of finely powdered apiin 
were added, and the clear yellow solution was boiled, using a reflux 
condenser to prevent concentration of the acid. By using this large 
volume of liquid, the risk of bumping, and probable fracture of the 
flask, was reduced toa minimum. In a few minutes, a yellow, floccu- 
lent product began to separate, which gradually became darker in 
appearance, and finally of a dirty-brown colour ; analyses of this pro- 
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duct, after purification, were made at various stages of the operation, 
with the result that 20 hours’ digestion was found preferable to the 
shorter term of 10 hours recommended by von Gerichten. The crude 
apigenin was then collected, washed with water, dried, extracted with 
a large volume of boiling alcohol, alcoholic lead acetate being added 
drop by drop to the light brown extract until the supernatant liquid 
was almost colourless. After removal of the small quantity of lead 
precipitate, the filtrate was treated with a few drops of acetic acid, 
evaporated to a small bulk, and boiling water added, until a faint 
turbidity was perceptible. On evaporation, fine, yellow needles began to 
separate, and when no further deposition could be observed, the mixture 
was cooled, and the product collected, washed, and dried. The yield 
of pure apigenin thus obtained was only equal to about 40 per cert. of 
the apiin employed, an amount considerably less than that indicated 
by theory. This loss is evidently to be accounted for by the produc- 
tion of the dark-brown, amorphous substance above indicated, which 
appears to be formed principally, if not entirely, from the glucoside, 
rather than from apigenin itself.. The following are analyses of 
apigenin made at various stages of the operation : 


0°1256 gave 0°2962 CO, and 0:0441 H,O. C=64:31; H=3-90. 
0°1258 ,, 0°3033 CO, and 0:0455 H,O. C=65°75; H=4-01. 


01241 ,, 0°3018 CO, and 0:0426 H,O. C=6632; H=3°81. 
01160 ,, 0°2822 CO, and 0:0404 H,O. C=66°34; H=3°87. 
C,;H,,0; requires C= 66°66 ; H =3°70 per cent. 


The above numbers are in close agreement with those of Lindenhorn 
and von Gerichten (/oc. cit.), who obtained respectively C= 66:13 ; 
H=3°'9, and C=66'21 ; H=3°75 per cent. 

The apigenin thus obtained consists of minute, straw-coloured 
needles, sparingly soluble in ether or boiling water, somewhat readily 
in alcohol. Dilute alkalis dissolve it with a pale yellow coloration, 
and its alcoholic solution yields a yellow precipitate with lead acetate. 
The greater portion of the apigenin is, however, not so deposited, and 
this is evidently due to the presence of the acetic acid liberated in the 
formation of the lead compound first produced. An alcoholic solu- 
tion of apigenin gives with ferric chloride a brownish-black, and 
with ferrous sulphate a brown-red, coloration. Treated with mineral 
acids in the presence of acetic acid, no acid compounds were pro- 
duced. As stated above, apigenin is a mordant yellow dye-stuff, and 
its properties in this respect are described at the conclusion of this 
paper. It was found to contain no methoxyl group. The solubilities 
of apigenin not being serviceable for the determination of its mole- 
cular weight by the usual methods, endeavours were made to obtain 
derivatives which would yield some insight into this question. 
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Dibromapigenin.—To finely powdered apigenin, suspended in acetic 
acid, an amount of bromine slightly in excess of that required for the 
formation of a dibromo-compound was added drop by drop, rise of 
temperature being avoided. Although hydrobromic acid was evolved, 
the product did not appear to pass into solution, and the reaction pro- 
ceeded as in the bromination of quercetin, luteolin, and allied substances, 
After standing for 48 hours, the mixture was drained upon a porous 
tile, washed with a little acetic acid, and crystallised from nitro- 


benzene. 


0:1144 gave 0:1766 CO, and 0:0230 H,O. C=42:09 ; H=2°23. 
01218 ,, 01877 CO, and 0°0235 H,O. C=42°02; H=2°14. 
C,;H,O,Br, requires C = 42°05 ; H = 1°87 per cent. 


Dibromapigenin forms pale yellow needles, which melt above 290°, 
It is sparingly soluble in boiling nitrobenzene, dissolves in dilute 
alkalis with a pale yellow colour and possesses dyeing properties, but 
of a feebler nature than those of apigenin itself. 

Dis-azobenzeneapigenin.—The addition of diazobenzene sulphate solu- 
tion to apigenin dissolved in dilute sodium carbonate solution caused 
the separation of a red precipitate, which after some hours was col- 
lected, washed, and dried. To purify it, it was first extracted with 


boiling alcohol to remove a resinous impurity, and subsequently with 
nitrobenzene diluted with a little acetic acid, until the residue was of 
an orange colour. Finally, it was crystallised from nitrobenzene. 


0°1581 gave 16:2 c.c. nitrogen at 13° and 726 mm. N=11°56. 
01300 ,, 13:1 ee. a » 17° and 751mm. N=11°'54. 
01262 ,, 12°7 cc. - » 14° and 758mm. N=11°75. 
071218 ,, 0:3029 CO, and 0:0457 H,O. C=67:°82; H=4°16. 
C,,H,0;(C,H;N,.). requires C = 67°78; H=3-°76 ; N=11-71 per cent. 


Thus obtained, it formed an orange-coloured mass of fine needles, 
melting at 290—292°, almost insoluble in the usual solvents, and but 
sparingly in nitrobenzene. If dissolved in boiling acetic acid with the 
aid of a few drops of sulphuric acid and the hot solution cautiously 
treated with boiling water, it is obtained as a glistening mass of red 
needles having a slightly metallic lustre, thus resembling maclurin- 
azobenzene, which can be crystallised in a similar manner (this vol., 
p. 186). 

The further study of this substance is being carried on in conjunc- 
tion with a diazobenzene derivative of chrysin, the colouring matter of 
poplar buds which I have lately obtained. 

These bromine and diazobenzene derivatives of apigenin indicate 
that the formula C,,H,,O,"correctly represents the molecular weight of 
apigenin, Certainly it cannot be C,,H,,0,, the alternative formula 
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suggested by von Gerichten, and on which, in fact, he himself placed 
but little value. 

Tribenzoylapigenin.—As experiments on the acetylation of apigenin 
in the ordinary way yielded, as previously noticed by von Gerichten, 
a viscous product difficult to purify, attempts were made to prepare 
a benzoyl compound. For this purpose, the Baumann and Schotten 
method was employed, a 10 per cent. solution of potassium hydroxide 
being found the most serviceable. The colourless, viscous product, after 
being washed with dilute alkali and spread in a thin layer upon a porous 
tile to harden, was extracted with ether and crystallised from benzene. 


0°1125 gave 0°3070 CO, and 0°0423 H,O, C=74:41; H=4:17. 
C,;H,0,(C,H,0), requires C= 74°23 ; H=3-78 per cent. 


Tribenzoylapigenin crystallises in colourless, silky needles melting 
at 210—212°, readily soluble in hot benzene, sparingly so in alcohol. 
Apigenin thus contains three hydroxyl groups. 

Decomposition Products of Apigenin.—As stated in the introduction, 
von Gerichten has previously studied the action of strong alkali on 
apiin, with the results there given ; unfortunately, he gives no details 
in his paper as to the temperature, time, or concentration of the 
alkali employed. 

As a preliminary experiment, air was aspirated through an alkaline 
solution of the colouring matter, this method having given useful 
results in the hands of Herzig and others, but apigenin is so stable 
that even after 48 hours little, if any, of it was attacked. By digestion 
with a boiling solution of caustic potash in its own weight of water, a 
more satisfactory result was obtained. The yellow liquid gradually 
became brown, and decomposition was complete in three-quarters of 
an hour, a sample giving no precipitate of apigenin on the addition 
of an acid. To the main bulk, a slight excess of acid was now added, 
and the opaque liquid, after neutralisation with sodium hydrogen 
carbonate, was thoroughly extracted with ether (extract A), the 
aqueous liquid being set aside for subsequent examination. The ethe- 
real solution, on evaporation, left a brownish oil, which on standing for 
some hours deposited crystals ; these, after purification, were obtained 
as colourless needles melting at 210°. 


0°1178 gave 0°2446 CO, and 0:0493 H,O. C=5662; H=4°64. 
C,H,O, requires C=57:14 ; H=4°76 per cent. 


Its aqueous solution gave a violet coloration with ferric chloride. 
From the above results, it evidently consisted of phloroglucinol. 

The oily matter above referred to, which had been drained from the 
crystals of phloroglucinol, still contained a small quantity of this sub- 
stance, which was removed as far as possible by dissolving it in hot 
water, cooling, separating the deposited crystals from the accompanying 
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oil, and repeating the process with the latter. Eventually, however, 
these solutions, from which some oily drops had separated at once on 
cooling, deposited on standing overnight long, prismatic needles melt- 
ing in their impure condition slightly below 100°. These were puri- 
fied by recrystallisation from water, care being taken that the solution 
was not too concentrated, otherwise the product separated in an oily 
condition. The purification, moreover, was facilitated by previously 
digesting the hot solution with a trace of barium carbonate, from 
which it appeared that a small quantity of some acid impurity hindered 
the ready crystallisation of this substance. It was finally purified by 
crystallisation from benzene, and could in this way be freed from 
adhering traces of phloroglucinol, as the latter is but little soluble in 
this liquid. Thus obtained, it formed colourless, prismatic needles 
melting at 107°, and giving a faint violet coloration with ferric 
chloride in aqueous solution. 


0°1203 gave 0°3097 CO, and 0:0655 H,O. C=70:10; H=6-04. 
C,H,(OH)-CO-CH, requires C= 70°58 ; H =5:88 per cent. 

The analytical numbers and the melting point of the substance 
pginted to its identity with parahydroxyacetophenone (Klinglel, Ber., 
1885, 18, 2691), but this is said to give a brown coloration with 
aqueous, ferric chloride. Some parahydroxyacetophenone was therefore 
prepared by Klinglel’s method, and was found to be in every way 
identical with the above decomposition product of apigenin melting at 
107°. This was confirmed by preparing the semicarbazide derivatives 
of the two; they were found to be identical, both crystallising from 
water in colourless needles melting at 197-198°. The statement of 
Klinglel, that this substance yields a brown coloration with ferric 
chloride, is evidently incorrect. 

A trace of the parahydroxyacetophenone from apigenin being still 
available for experiment, it was fused with alkali at 190—210° for 
15 minutes, and from the melt parahydroxybenzoic acid melting at 
209—210° was obtained. ; 

The benzene mother liquors obtained during the purification of the 
above substance contained a trace of a more readily soluble product. 
Owing to the difficulty in obtaining any quantity, however, it was im- 
possible to identify it, but further experiments will be carried out in 
this direction. 

The aqueous liquid from which the ethereal extract A had been 
obtained was neutralised with acid and again extracted with ether. 
On evaporation, a small quantity of a crystalline residue was left, 
which, on purification, was obtained in almost colourless needles 
melting at 209—210°; these gave a brown coloration with ferric 
chloride, and consisted of parahydroxybenzoic acid. 

In purifying the hydroxybenzoic acid just mentioned, a trace of a 
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dark-coloured precipitate was obtained on adding lead acetate to the 
aqueous solution of the crude substance ; on decomposing this with sul- 
phuric acid, a brown, viscid product was obtained, but the quantity 
was too small to admit of purification. Ferric chloride solution gave 
with this a dark coloration having a perceptible greenish tint, which 
suggested the pressure of protocatechuic acid. 

These results indicate that by the geutle action of alkali, apigenin 
yields phloroglucinol and parahydroxyacetophenone, for these were the 
main products thus formed ; the parahydroxybenzoic acid found, most 
probably was produced by the decomposition of the latter. 

Action of Fused Alkalis at 200°.—Von Gerichten has stated in his 
paper (loc. cit.) that, besides phloroglucinol, apiin yields, on decomposi- 
tion, an acid, which, by further action of the alkali, is transformed into 
protocatechuic, parahydroxybenzoic, formic, and oxalic acids. No such 
acid appears to be formed from apigenin by the above treatment, and, 
as before stated, owing to absence of detail, a repetition of his experi- 
ments was impossible, it was deemed necessary to study the action of 
alkali at a higher temperature. This was carried out at 180° to 200° 
for one hour, and the resulting acid A and phenolic substances B were 
separated by the method previously employed. The portion B con- 
sisted almost entirely of phloroglucinol, although the presence of a trace 
of hydyroxyacetophenone could be detected. 

A hot solution of the acid product (A) when treated with lead acetate 
gave a light-coloured precipitate, which was collected, washed with 
boiling water, and decomposed with sulphuric acid. From this, in the 
usual way,a crystalline product was obtained which melted at 195-—196°, 
gave with ferric chloride in aqueous solution a green coloration, 
and was evidently protocatechuic acid. The filtrate from the above 
lead compound contained parahydroxybenzoic acid. 

The formation of protocatechuic acid in this manner was somewhat 
puzzling, for although von Gerichten’s acid was not found in the previous 
experiments, yet this, mentioned by him as its principal decomposition 
product, appeared as a result of the action of the alkali at a higher 
temperature. Von Gerichten did not detect the formation of parahy- 
droxyacetophenone, and it appeared just possible that by the prolonged 
action of alkali this would be oxidised to a dihydroxyacetophenone 
and subsequently converted into protocatechuic acid. Experiments in 
this direction gave nothing but parahydroxybenzoic acid with traces of 
phenol, and all attempts with the object of converting the acid itself 
into protocatechuic acid were also unsuccessful. This point is further 
discussed at the conclusion of this paper. 
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Methylation of Apigenin. 


Apigenin dissolved in a solution of its own weight of potassium 
hydroxide in methylic alcohol was boiled with excess of methylic 
iodide for 36 hours. After removal of unattacked methylic iodide and 
the greater portion of the alcohol by distillation, the residue was 
treated with water, extracted with ether, and the ethereal solution 
washed with dilute alkali to remove any partially methylated sub- 
stance, On evaporation, a pale yellow crystalline product was left, 
which was purified by crystallisation first from alcohol and then from 
acetone until the melting point was constant. 


0:1198 gave 02996 CO, and 00550 H,O. C=68:20; H=5-09. 
C,,H,O,(OCH,), requires C = 68°45 ; H = 4°70 per cent. 


It formed a glistening mass of pale yellow needles melting at 
171—172°, sparingly soluble in alcohol, more readily in acetone, in- 
soluble in aqueous alkalis. The methoxy-groups present were estimated 
by Zeisel’s method. 


01937 gave 0°3180 AgIl. CH,=10°48, 
C,,H,0,(OCH,), requires CH, = 10-07 per cent. 

[t having been shown by means of the tribenzoyl compound that 
apigenin contains three hydroxyl groups, whereas only a dimethyl 
ether could be obtained, it appeared evident that the latter contains an 
hydroxyl group which resists methylation. To make sure of this, a 
mixture of apigenin dimethyl ether (1 part), anhydrous sodium acetate 
(1 part), and acetic anhydride (6 parts), after being boiled for an 
hour, was diluted with acetic acid, poured into water, and the whole 
left for 12 hours ; the colourless, semicrystalline precipitate was then 
collected, dried, and crystallised, first from alcohol and then from 
acetone. 

0°1202 gave 0°2952 CO, and 0°0536 H,O. C=66:97; H=4°86. 

C,,H,0,(OCH,),*C,H,O requires C= 67°05 ; H= 4°71 per cent. 
Monacetylapigenin dimethyl ether crystallises in colourless needles melt- 
ing at 195—-196°, and is somewhat readily soluble in acetone, 

A determination of the acetyl group by Liebermann’s method gave 
the following result : 

05164 C,,H,O,(OCH,),C,H,0 gave 0°4542 C,,H.0,(OCH,),. 

Found : 87°95 per cent. Theory requires 87°64 per cent. 
The regenerated dimethyl ether melted at 171—172°. 


As referred to in previous papers, Kostanecki and others have found 
. that it is not possible to methylate by any known method the hydroxy! 
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group occupying the ortho-position relatively to the carbonyl group 
present in members of the xanthone, flavone, alizarin, and other groups ; 
he has, moreover, shown that such ethers, when treated with alcoholic 
potash in alcoholic solution, yield yellow potassium salts which are 
decomposed by water irito potassium hydroxide and the free ether. 
Apigenin dimethyl ether behaved in a similar manner; on adding 
alcoholic potash to the boiling alcoholic solution, yellow needles of the 
potassium salt were deposited, which were decomposed by water, the 
ether being regenerated. 

It thus appears that apigenin contains an hydroxyl in the ortho- 
position relatively to the carbonyl group. The mother liquors obtained 
during the purification of the above dimethyl ether yielded on evapora- 
tion yellow needles of the same substance, but in an impure condition, 
being accompanied by a trace of a second product which depressed its 
melting point considerably. Experiments will be made to determine 
the nature of this impurity. 


Decomposition of Apigenin Dimethyl Ether with Alcoholic Potash. 


In view of the somewhat peculiar behaviour of apigenin when 
treated with fused alkali, it was of special interest to determine the 
behaviour of the dimethyl ether towards alcoholic potash, as among 
the products of this more gentle action one would expect to find an 
acid containing the nucleus originally present in the molecule; that is, 
an ether of protocatechuic, parahydroxybenzoic, or of von Gerichten’s 
acid. It will be remembered that Herzig (Ber., 1895, 28) determined 
the constitution of fisetin in this way. 

Apigenin dimethyl ether was heated with dilute alcoholic potash at 
160—170° for an hour, as little or no decomposition ensued at 100°. 
The pale brown solution thus obtained, which on cooling deposited 
glistening scales of a potassium salt, was evaporated to dryness, dis- 
solved in water, and extracted with ether (A), the aqueous solution 
being then saturated with carbonic anhydride, and again extracted 
with ether (B). The residual liquid, on acidification, deposited a small 
quantity of a crystalline product which, after being purified first by 
crystallisation from water and then from benzene, was obtained in 
colourless needles melting at 179—180°, a point intermediate between 
that of protocatechuic acid dimethyl ether 179°5° and that assigned 
to anisic acid (184*2 corr.). 

0:0748 gave 0'1744 CO, and 0°0360 H,O. C=6358; H=5:34. 
0,H,(OCH,):COOH requires C = 63°15 ; H = 5-26 per cent. 
C,H,(OCH,),,COOH , C=5901;H=601  ,, 

This substance could not therefore be veratric acid, but was ap- 

parently anisic acid. 

VOL, LXXI, 31 
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To decide this point, a portion was treated with fused alkali at 200° 
for half an hour, the product dissolved in water, acidified, and extracted 
with ether. The crystalline product thus obtained, after recrystal- 
lisation from water, melted at 209—210°, and had all the properties 
of parahydroxybenzoic acid. The acid formed by the decomposition 
of apigenin dimethyl ether with alcoholic potash is thus without doubt 
anisic acid. 

Whether the melting point assigned to anisic acid by Oppenheim 
and Pfaff (Ber., 8, 893) is too high, or that found above was due to 
slight impurity, could not be decided with certainty, as no opportunity 
was found for its preparation from parahydroxybenzoic acid. It is 
however, significant that the melting points of two distinct prepara- 
tions from the apigenin ether were identical, and a sample of the acid 
obtained from Merck gave the same result. 

The extract (A), on evaporation, yielded a trace of oily matter, having 
the characteristic persistent odour of anisic aldehyde, showing that in 
this decomposition the formation of the acid is preceded by that of the 
aldehyde. In the following paper on “ Rhamnazin,” a quercetin 
dimethyl ether, which gives in a similar way vanillic acid, the formation 
of vanillin has also been noticed, and itis, therefore, possible that such 
a reaction is general with this class of substance. 

From extract B, a small quantity of a viscous residue was obtained 
apparently not susceptible of ready purification. An aqueous extract 
gave the piiloroglucinol reaction, and in general characteristics reminded 
one of a product obtained in the same way by the decomposition of 
luteolin with alcoholic potash (Trans., 1896, 69, 802). 


Ethylation of Apigenin. 


This reaction was carried out by a similar process to the methylation 
above described, and the portion of the product insoluble in alkali was 
purified by crystallisation, first from aleoho] and subsequently from 
acetone, until the melting point was constant. When alcohol alone was 
used, considerable difficulty was experienced in the purification, sugges- 
ting the presence of a substance of lower melting point. Possibly this 
was due to the employment of ordinary absolute alcohol for the 
ethylation, although such was not formerly found to be the case. The 
nature of this impurity will be investigated. Analysis of the 
ethyl ether gave the following result : 


0°1208 gave 0°3085 CO, and 0°0625 H,O. C=69°65; H=5-74. 
01128 ,, 0°2890 CO, and 0:0587 H,O. C=69°87; H=5-78. 
©, ;H,0,(OC,H,), requires C= 69°94; H=5-52 per cent. 


A determination of the ethoxyl groups gave the following result : 
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02188 gave 0:2900 AgI. C,H,=16°35 per cent. 
C,,H,0,(OC_,H,), requires C,H, = 17°79 per cent. 


This result, although clearly indicating the presence of two groups, is 
somewhat low, and is due to the difficulty experienced in completely 
decomposing the ether, for although in this instance the operation was 
maintained fully an hour longer than usual, and a higher temperature 
employed, yet, as seen below, a trace of the ether was found to be 
unattacked. 

As shown at the commencement of this paper, the analyses of api- 
genin, as carried out by myself and others, gave numbers invariably 
slightly lower than those required by theory ; as this is possibly due to 
their still containing a trace of undecomposed apiin, it was considered 
desirable to examine apigenin obtained by the decomposition of one of 
its ethers, which should readily be obtained of chemical purity. The 
hydriodic acid mother liquors from the above determination were 
therefore poured into water containing sodium hydrogen sulphite solu- 
tion, and the yellow, flocculent deposit collected, washed, and dried. 
To remove any unaltered diethyl ether, it was extracted with boiling 
benzene, the ether being readily soluble in this solvent, even in the 
cold; as indicated above, a trace was found to be present. The 
residual apigenin, after further purifying by crystallisation from dilute 
alcohol, was analysed. 


0°1119 gave 0:2734 CO, and 0:0432 H,O. C=66°63; H=4:28. 
C,;H,,0; requires C = 66°66 ; H = 3°70 per cent. 


Apigenin diethyl! ethercrystallisesin yellow, glistening needles melting 
at 161—162°, sparingly soluble in alcohol, readily in benzene. In 
its properties, it closely resembles the corresponding methyl ether, 
for although insoluble in aqueous alkalis, it yields, with alcoholic 
potash, a yellow potassium salt, which is decomposed by water into 
potassium hydroxide and the unchanged ether. 

On acetylation, a colourless product was formed, which, after purifi- 
cation by crystallisation from acetone, was obtained as colourless 
needles melting at 181—182°. 


0°1128 gave 02836 CO, and 0:0597 H,O. C=6856; H=5-88. 
C,;H,O,(OC,H,).°C,H,O requires C = 68°48 ; H=5°43 per cent. 


It was thus evidently monacetyl apigenin diethyl ether. 

Decomposition with Alcoholic Potash.—This was carried out in a 
similar manner to the decomposition of the methyl ether described 
above. The solution was evaporated to dryness, dissolved in water, 
saturated with carbonic anhydride, and extracted with ether (A). The 
aqueous liquid, on acidification, deposited a crystalline precipitate, 
which, on being purified by recrystallisation from water, was obtained 
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in colourless needles melting at 192° when rapidly heated. This is the 
ethyl ether of parahydroxybenzoic acid, as on fusion with alkali at 200° 
the product gave the reactions of the hydroxy-acid itself. 

On evaporating the extract A, a pale brown, somewhat viscid residue 
was left, closely resembling that produced from the methy! ether, an 
aqueous extract giving the phloroglucinol reaction. As a small 
quantity only was available, its purification was not attempted. 


Action of Nitric Acid on Apigenin. 


From apiin, by means of nitric acid, von Gerichten (Joc. cit.) obtained 
picric and oxalic acids, but did not study the behaviour of apigenin in 
this respect. This substance is not violently attacked when added to 
nitric acid (sp. gr. 1°54), but dissolves, forming a brown solution. If 
such a liquid saturated with apigenin be very gently warmed, and the 
source of heat removed as soon as action has set in, a small quantity of 
a crystalline product separates. This was collected upon a porous tile, 
purified by digestion with nitric acid (sp. gr. 1°42), again drained upon 
a porous tile, and, finally, crystallised fromtoluene. It formed glisten- 
ing, yellow needles, which, when heated, became opaque at about 230°, 
and melted at 244—245°. The yield of this substance being exceedingly 
small (equal to about 1 per cent. of the apigenin employed), it has 
not been at present possible to submit it to analysis. If it be a deriva- 
tive of parahydroxybenzoic acid, as appears possible, it most closely 
resembles metadinitroparahydroxybenzoic acid, although, according to 
Salkowski (Annalen, 1872, 163, 36), the melting point of this acid is 
235—237°. This product will be further investigated. 


Theoretical Considerations. 


It is shown in this paper that apigenin, C,,H,,O,, reacts with 
2 molecules of diazobenzene, and yields dibromo- and tribenzoy]-deriva- 
tives. Although containing three hydroxyl groups, two only are 
capable of etherification, the dimethyl and diethyl ethers, when treated 
with acetic anhydride, forming monacetyl compounds. It thus appears 
that in apigenin one hydroxy] is in the ortho-position relatively to the 
carbonyl group. The products of the decomposition of apigenin with 
alkali at a low temperature consist principally of parahydroxyaceto- 
phenone and phloroglucinol, whereas, by a more energetic action, 
protocatechuic acid, parahydroxybenzoic acid, and phloroglucinol are 
obtained. From the dimethyl ether, by the action of alcoholic potash, 
anisic aldehyde, anisic acid, and a phloroglucinol derivative were ob- 
tained, the diethyl ether behaving similarly with production of the 
ethyl ether of parahydroxybenzoic acid. 

Apigenin, therefore, in its principal reactions, bears a striking 
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resemblance to chrysin, C,,H,,0,, the yellow colouring matter of 
poplar buds. This contains two hydroxyl groups, one only of which 
is capable of etherification, and yields, by decomposition with alkali, 
acetophenone, benzoic acid, and phloroglucinol. On account of the 
production of acetophenone from this substance, Kostanecki (Ber., 
1893, 26, 2901) assigned to it the constitution of a dihydroxyflavone 


or phenylated pheno-y-pyrone. 


Such a compound would yield acetophenone and phloroglucinol-car- 
boxylic acid, or, under the circumstances of the decomposition, phloro- 
glucinol and carbonic anhydride. It would thus appear that apigenin 
is very probably a hydroxychrysin, 


its decomposition into phloroglucinol and parahydroxyacetophenone 


being then understood. 

A point at first sight not in harmony with this constitution is the 
production of protocatechuic acid from apigenin by means of alkali at 
200°. Several facts, however, indicate that this colouring matter does 
not contain a catechol nucleus, one of these being the absence of this 
acid from the decomposition products formed by a similar means at a 
low temperature. Most important, however, is the formation from the 
ethers of apigenin of derivatives of parahydroxybenzoic acid only, no 
compounds of protocatechuic acid being here obtained. Taking into 
consideration the fact that neither parahydroxyacetophenone nor para- 
hydroxybenzoic acid yield catechol derivatives with fused alkali, it 
appears very possible that, during the action, the phenol nucleus in a 
portion of the apigenin itself is oxidised to catechol, and that the sub- 
stance so produced being incapable of existence at the temperature of the 
melt, is at once decomposed with formation of protocatechuic acid and 
phloroglucinol. In connection with this portion of the investigation, 
an interesting point suggests itself ; that is, the possibility of intro- 
ducing a second hydroxyl into apigenin, which, if successful, should 
yield results of much value. Work in this direction I desire to 
reserve to myself, as also the further study of the decomposition pro- 
ducts and derivatives of apigenin described in this paper. 
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Dyeing Properties. 


In studying the dyeing properties of apigenin, woollen cloth, 
previously mordanted with aluminium, iron, chromium and tin, was 
employed. The probable constitution of this substance indicated 
above made it interesting to carry out, at the same time, comparative 
trials with both chrysin and quercetin. The results are embodied in 
the following table : 


Aluminium. Chromium. Iron. Tin. 


Yellow, having Chocolate | Undyed. 


Apigenin. Pure yellow. 
faint orange tint. brown. 


Chrysin. 


Quercetin. 


The same, slightly 
weaker, 


Brown orange 
inclining to yellow. 


Ditto, 


slightly weaker. 


Red-brown. 


Pale 
chocolate. 


Green- 
black. 


Undyed. 


Bright 
yellow. 


It was at once evident that the shades yielded by apigenin bore a 
striking resemblance to those given by chrysin, and thus a further 
connecting link between these colouring matters must be added to those 
I have attempted to establish above. The slight difference observable, 
other than that of strength, as apigenin is evidently a slightly stronger 
colouring matter than chrysin, is in the browner tint given by the 
iron mordant. That both chrysin and apigenin are somewhat feeble 
dyes is evidently due to the non-existence in them of two hydroxyls in 
the ortho-position relatively to one another, for quercetin which 
contains two such groups is characterised by the much greater strength 
and brilliancy of shade which it yields with the same mordants. 


CLOTHWORKERS’ RESEARCH LABORATORY, F 
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LXXVII.—Rhamnazin. 
By Artur G, PERKIN, F.R.S.E., and H. W. Martin. 


In a previous communication (Perkin and Geldard, Trans., 1895, 67, 
496), it was shown that Persian berries, the fruit of various species of 
Rhamnus, contain, in addition to the glucosides of quercetin and rham- 
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netin (quercetin monomethy] ether), that of a third substance, C,,H,,0,, 
which was named rhamnazin. This, which was distinguished from the 
above colouring matters by its solubility in boiling toluene, when 
treated. with hydriodic acid, yielded quercetin and two molecules of 
methylic iodide, being therefore a quercetin dimethyl ether ; the pro- 
duction from it of triacetyl and tribenzoyl derivatives also corrobo- 
rated this fact. An interesting point in connection with this substance 
was, that it showed but slight indications of dyeing power, iron mor- 
dants being coloured a faint brown, whilst the portion mordanted with 
alum acquired only a pale-yellow tinge. Owing to the difficulty of pre- 
paring any quantity of this substance, it was not possible at that time 
to make an examination into the positions occupied by the two meth- 
oxyl groups, and the present investigation has been undertaken with 
this object. 

About 10 grams of rhamnazin were therefore prepared according 
to the method previously described. It melted at 214—215°, and 
on analysis gave C=61°69; H=4-30 per cent., C,,H,,O, requiring 
C=61°82 ; H=4:24 per cent. 


In examining Herzig’s formula for quercetin, 
OH 


O sntaismadl 
\ ff ory 
mJ p= < oH, 


it was at first necessary to determine if a methoxyl group in rhamnazin 
occupied an ortho-position relatively to the carbonyl group. If this 
were the case, most probably, on methylation, a quercetin pentamethyl 
ether would be formed, an extremely interesting compound if obtain- 
able, for quercetin itself only yields a tetramethyl ether by such 
treatment, the hydroxyl under discussion refusing to react by the 
ordinary methods. For this purpose, rhamnazin dissolved in a solution 
of potassium hydroxide (3 mols.) in methylic alcohol was boiled with 
excess of methylic iodide for 12 hours. On cooling, the semi-solid 
mass of crystals formed was collected,’ washed, first with a little alcohol, 
then with a dilute potassium hydroxide solution, and purified by crys- 
tallisation from alcohol. 


01187 gave 0:2768 CO, and 0:°0540 H,O. C=63°59; H=5-05. 
C,;H,0,(OCH,), requires C= 63°68; H =5-02 per cent. 
This product consisted of glistening, pale-yellow needles melting at 
156—157°, and was evidently identical with the quercetin tetramethyl 


ether obtained by Herzig (Monatsh., 1884, 5, 83) from the direct 
methylation of quercetin. This was further corroborated by its 
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acetylation, a colourless acetyl compound being thus formed melting 
at 167—168°, and having the properties assigned to monacetyl quer- 
cetin tetramethyl ether. 

It thus appeared that rhamnazin does not contain a methoxyl group 
in the ortho-position relatively to the carbonyl group, but it was still 
possible that such a group, being unstable, might be decomposed by the 
alkali during the above methylation. For instance, the alizarin 
a-monomethy] ether described by one of us and J. J. Hummel (Trans., 
1893, 63, 1160) as existing in the Oldenlandia wmbellata root, by simple 
digestion with baryta water, is converted into alizarin. Rhamnazin was 
therefore treated in a similar manner, and also with boiling alkaline 
solutions of varied strength, but in no case could any derivative of 
quercetin other than unchanged rhamnazin be detected. 

Decomposition with Fused Alkali.—Rhamnazin was heated with 10 
parts of caustic potash and a little water at 180—200° for half an hour, 
and the pale brown melt thus produced dissolved in a little water, neu- 
tralised with acid, and extracted with ether. A crystalline product was 
thus obtained which was dissolved in a little water, treated with lead 
acetate solution, and the precipitated lead compound collected and 
washed. To the filtrate, sulphuric acid was added, the clear liquid 
decanted from lead sulphate, neutralised with sodium hydrogen car- 
bonate, and extracted with ether. On evaporation, a residue was 
obtained which, after crystallisation from water, formed colourless 
needles melting at 210°, and gave all the reactions of phloroglucinol, and 
on decomposing the lead precipitate with acid, protocatechuic acid was 
obtained in colourless needles melting at 195—196°. 

Action of Alcoholic Potash.—Rhamnazin, on boiling with alcoholic 
potash, was decomposed but slowly, the action requiring three days for 
completion. The brown solution thus formed was evaporated to dry- 
ness, the residue dissolved in water, and after extraction with ether to 
remove an oily product present in very small quantity, A, was neutralised 
with carbonic anhydride, and again extracted with ether (B). The 
aqueous liquid on acidification deposited a crystalline precipitate, which 
was removed by means of ether, dissolved in boiling water, and filtered 
from some insoluble matter; the crystals which separated on cooling 
were collected and purified by recrystallisation from benzene. 

This product consisted of colourless needles melting at 205—206°, 
which in aqueous solution yielded a precipitate with lead acetate, but 
no coloration with ferric chloride. It was evidently vanillic acid, 
and no further confirmation of this could be necessary, seeing that, 
from the previous results, it could not be other than a derivative of 
protocatechuic acid. 

The extract A, on evaporation, yielded the oily matter above referred 
to; this had the unmistakable odour of vanillin, suggesting that in 
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the above decomposition the formation of the aldehyde precedes that 
of the acid. An analogous result was obtained by one of us (see pre- 
ceding paper), in the examination of the products of the decomposi- 
tion of apigenin dimethyl ether formed in a like manner, not only 
anisic acid, but also the aldehyde being produced. From extract B, a 
somewhat viscid product was obtained, an aqueous solution of which 
gave the phloroglucinol reaction. Attempts to isolate this substance 
by the usual methods were unsuccessful, and its existence in the free 
state was thus doubtful. 

Could phloroglucinol be obtained from rhamnazin by some gentle 
decomposition, proof would exist that this portion of the molecule con- 
tained no methoxyl group. 

By the exposure of alkaline solutions of quercetin and fisetin to air, 
Herzig obtained respectively phloroglucinol and resorcinol, and the 
decomposition products obtained from rhamnazin in a similar way were 
therefore examined ; the result, however, was that only vanillic acid 
and a viscid product having properties analogous to the one obtained 
by the action of alcoholic potash were isolated, and from the latter, as 
before, no crystallised phioroglucinol could be extracted. The quantity 
of material available for these experiments was certainly small, but, on 
the other hand, even comparative traces of this substance are in most 
cases readily isolated. 

From the above results, it is evident that one methoxyl group in 
rhamnazin is present in the catechol nucleus. Beyond the fact that the 
second does not occur in the phloroglucinol nucleus in the ortho-posi- 
tion relatively to the carbonyl, no further knowledge as to its position 
could be gained. The constitution of rhamnazin must therefore be 
represented in one of the two following ways: 

O ___OCH, 
on’ \/ °\-Z Son 0,0 \ 


1 Chel >. Se, 
\/\p9/ 00H 
OH 


Fe 


by the former of which, according to generally accepted views, it would 
be a rhamnetin monomethy] ether. 

Rhamnazin possesses very feeble dyeing properties, which, owing to 
its method of purification, cannot be considered as due to adherent 
traces of rhamnetin or quercetin; and these must be considered in 
discussing its constitution. 

The tinctorial properties of quercetin are due to the arrangement of 
two distinct pairs of hydroxyl groups in its molecule, and could either 
pair be singly removed, the substance thus produced would still possess 
the characteristics of a dyestuff. This is readily seen by a comparison 


822 GLADSTONE AND HIBBERT: THE MOLECULAR 


of its formula with that of chrysin, and an isomeric dihydroxyflavone 
lately prepared by Friedliinder and Neudorfer (Ber., 1897, 30, 1077), 


OH 

0 ace 0 sno 

ee eee \ \ 

nee ies A a Oe? pike ( \<__ pow 
yy 00% ~“\co% 


Chrysin. Dihydroxyflavone (F and N). 


denial 

re e2 

OTT a eee 
34 Neo 


Quercetin. 


the former of which is a comparatively feeble dye, whereas the latter 
is apparently normal in this respect. The tinctorial effect of the ortho- 
hydroxyls in the dihydroxyflavone is.neutralised in rhamnazin by the 
substitution of methoxy] for one of them, and its dyeing property can 
thus only be due to the presence in it of the meta-hydroxyls which it 
contains analogous to chrysin. The formula, therefore, which repre- 
sents rhamnazin as rhamnetin monomethyl ether must be considered 
as the most probable. Experiment has since shown that chrysin 
monomethyl ether (tectochrysin), in which the methoxyl occupies 
a para-position relatively to the CO- group, is devoid of dyeing power, 
a fact pointing strongly to the correctness of this view. 
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LXXVIII.—The Molecular Refraction of Dissolved 
Salts and Acids. Part II. 


By Dr. Jonn Hatt Guapstong, F.R.S., and WALTER 
Hissert, F.I.C. 


Two years ago, we communicated to the Society a paper under the 
above title, which was confessedly only part of a large investigation. 
The questions there raised have engaged the attention of various 
observers, and the papers that have already appeared seem to render it 
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desirable that we should make known some of the results at which we 
have more recently arrived. The present paper will consist of addi- 
tional data in answer to two of the questions in the last paper :— 
Has a salt the same molecular refraction whether it be in the crystal- 
lised state or in solution? and, How far is refraction change dependent 
on the solvent used? together with some of the conclusions to which 


the new data appear to lead. 


Salis in Crystalline Form and in Solution. 


So large a portion of the work of one of us, on refraction, has been 
done on liquid substances, that some scientific men, both on the Continent 
and in England, have failed to notice what has been done by means of 
solids, It should be remembered, however, that in the first paper by 
Dale and Gladstone in 1858, observations were made on ice and solid 
phosphorus in comparison with the liquid forms of those substances ; 
and sulphur followed soon after. Gladstone, in 1865, compared the 
specific refractive energy of crystallised rock salt with that of its solu- 
tion in water. Three years afterwards, in the Proceedings of the 
Royal Society, a large number of refraction equivalents of inorganic 
salts were determined nearly always from their solutions on account of 
the difficulty presented by the phenomenon of double refraction ; never- 
theless, the data given in the more detailed paper (Phil. Trams., 1870) 
include observations by others on many solid crystalline salts, such as 
calomel, fluor spar, borax, alum, barium sulphate, &c. Soret’s observa- 
tions on crystallised alums were discussed in 1885. At the French 
Association at Besangon, a comparison of the refraction of salts in the 
solid state and in solutions formed the foundation for Table II of our 
paper in the Transactions for 1895. Into that table only such crystal- 
lised salts were admitted as had one axis only, or in which their 
different indices were very near together. If, however, we adopt 
Dufet’s method (Bull. soc. franc. min., 1887), by which Pope has 
calculated the true refraction from the two or three refractive indices 
of a crystal, we can easily extend that table. 

The additional data thus available for the refraction of crystallised 
salts consist of determinations made by Topsée and Christiansen, 
Kohlrausch, Mitscherlich, Schrauf, Dufet, Descloizeaux, Erofijeff (see 
Kohlrausch, Ann. Phys. Chem., [ii], 4, 1). The data for the mole- 
cular refraction of most of the subjoined salts when dissolved in water 
already exist ; we have, however, determined the values for the two 
phosphates in order to increase the number of instances of uniaxial 
crystals. We have also repeated the determinations of two of the 
formates. The following table contains the new data. 
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Tasie I. 


| Per- | 
Substance. Formula. centage Re, | R. | Reg. 


Ammonium dihydric phosphate | NH,H,PO, | 21°4 | 82°4 | 32°72 | 32°80 
< 11°51 | 32°6 | 33°15 | 32°88 

KH,PO, | 19°7 | 29°05 | 29°47 | 29:22 

10°6 29°5 | 29°7 | 29°34 
26°0 | 41°10 41°53 | 42°22 
13°06 | 37°06 | 37°65 | 88°30 


Potassium dihydric phosphate son ena 


We wish also to remove silver nitrate from Table II in our previous 
paper, as the calculation from the crystal is erroneous. We took the 
mean of the two indices then known, but it is now believed that there 
are three indices. Unfortunately, we cannot find that this third index 
has been determined. 

The results of comparing the molecular refractions as calculated 
from the crystals by Dufet’s method, and from the aqueous solutions of 
the same salts, are given in the following table, which is in fact, though 
not in form, a continuation of Table II of the previous paper. The 
difference between the molecular refraction of the substance in 
its solid and in its dissolved condition is given in the form of a per- 


centage. 
TaseE II. Copy 


Molecular 


refraction. Magr 


Substance. ———— 
+, | Solu- , : . 
Solid. ol. olid. nen Ferro 


18-93 | 18-99 | +0: ’ Wicks 


Sodium nitrate 


Beryllium sulphate 47°41 | 47°94 


Potas: 


Nickel sulphate D ; 64°25 | 28°53 
+6 aq. — 


p Ps 63°68 | ,, 


Lhd 


Potassium itn | | . 
phosphate | D ; 28°69 | 29°47 


phosphate 


ee D 2 33°32 | 32°72 


Tartaric acid D 45°0 | 45°85 | +1°9 Kohl. 


| 
| | 
61:82 | 61°60 shad a 7 


| 


Citric acid 
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TaBLE Il—continued, 


Molecular 
refraction. 
Substance. —— os 


Observed. | Mean. | Solid. — Solid. 


Index. Observers. 


Solu- 
tion. 


Calcium formate 15336 | 34:42 | 84°37 | -0°1| Schrauf.| G 


Strontium formate ; | 15143 | 48-97 | 87°65 ‘ H 
+2 aq. 


een eats 5970 | 1-6020 | 42°64 | 41-58 


Barium chloride. 2 1642 | 51°36 | 38°91 
+2aq. 


Potassium nitrate t 1°4468 | 21°36 | 22°26 


1°4476 | 21°44 Mit. 


1°5056 | 1°4488 | 21°51 ‘5 | Schrauf. 
1°3346 | 
1°5433 | 
Copper sulphate 1°5368 | 1°5314 | 58°15 | 28°2 ‘1| Kohl. 
1°5140 | | +5aq. 
. 1°4612 
Magnesium sulphate 1°4553 | 1°4496 | 66°0 23°87 
1°4324 +7 aq. 
1°4713 
Ferrous sulphate 1°4748 | 1°4762 | 70°06 | 28°4 
1°4824 +7 aq. 
: 1°4669 
Nickel sulphate 1°4921 | 1°4826 | 68°38 | 28°66 
1°4888 +7 aq. 
; . 1°7202 
Potassium dichromate ... 1°7380 | 1°7598 | 82°42 | 83°74 | +1°6| Dufet. 
1°8197 


These observations lead to the following conclusions, which are in 
consonance with those previously drawn. 

1. That the solid and solution values are very nearly alike. Any 
difference less than 1 per cent. is within the limits of probable error, 
and even where it amounts, as it does in one or two instances, to 3 
or 4 per cent., a large fraction of this may be due to an uncertainty as 
to the density of the particular crystal observed. 

2. That this change of refraction on solution is in some cases plus, 
in others minus, 
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3. That the group of sulphates in this table agree with those pre- 
viously determined, in showing that in this class of salts there is 
little or no change in refraction on solution. The tendency is to be a 
little higher when in solution. 

4. As many of these crystals are highly hydrated, the general 
agreement strongly confirms the previous conclusion, that water of 
crystallisation has the same refraction as liquid water, namely, 6:0 for 
the line D. 

The general coincidence in the molecular refraction of the solid and 
dissolved salt, as exhibited in the preceding table, gives us great con- 
fidence in the correctness of the method employed by Pope in dealing 
with these crystals of two or three indices. 

It is evident, also, that in any future revision of the atomic refrac- 
tions of the elements given in the Proceedings of the Royal Society, 
July, 1896, there will be available a large number of observations on 
solid crystallised substances, which are to be found in the papers of 
Topsoe and Christiansen and others. 


Influence of the Nature of the Solvent. 


In our paper already referred to, we mentioned several questions 


which required fuller investigation. The first of these relates to such 
changes as are sometimes found between the molecular refraction of a 
salt in its solid and its dissolved condition, and such changes as occur 
when the amount of solvent is varied. How far are these changes 
dependent on the character of the solvent used ? 

In the paper on the refraction equivalents of the elements (Phi/. 
Trans., 1870, p. 14), it was shown, by a comparison of six salts dis- 
solved in water and in alcohol, that in five cases the calculated refraction 
equivalent for each salt in the two solvents was the same, or nearly so. 
The sixth case, mercuric chloride, was the only exception. We have 
thought it desirable to test this matter again, especially with such 
substances as hydrochloric acid, lithium chloride, and ferric chloride, 
where the change is very striking between the strong and the weak 
aqueous solutions. The following are the new data, obtained by Mr. 
Hibbert with acids and salts dissolved in alcohol (which was made and 
kept as anhydrous as possible) or in other solvents. Special precau- 
tions were taken to prevent chemical action between the alcohols and 


the hydrochloric acid. 
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TasieE III. 


Substance. Formula. Solvent. : j . Re. 
| ¢ | 


Hydrochloric acid | HCl _ | Methylic alcohol ; 13°26 | 13°53 
‘ 13°49 | 13°80 

13°95 | 14°39 
2 14°32 | 14°56 
Ethylic alcohol , 12°97 | 13°18 
- ; 13°25 | 13°41 
0 13°66 | 13°77 
“ 14°07 | 14°25 
‘ : 12°92 | 13°23 
w : 13°10 | 13°41 
13°51 | 13°81 
I 13°72 | 14°03 
| Amylic alcohol 12°88 | 13°10 
" 13°07 | 13°31 
= 13°55 | 13:83 

| ” 13°48 | 13°82 
| Caprylic alcohol ; 11°82 | 12°02 
| is 12°28 | 12°45 
ra 12°60 | 12°78 
Ethylic ether ’ 11°38 | 11°41 
ui 11°06 | 11°10 

9 : 11°28 | 11°25 

re 11°18 | 11°26 

4 11°05 | 11°27 
Amylic ether ‘ 10°36 
” : 10°37 | 10°69 

” 10°20 | 10°64 
Lithium Ethylic alcoho ; 14°61 | 15°00 
ra : 14°86 | 15°31 
2nd series - : 14°92 | 14°83 
14°85 | 15°06 
bee 15°01 | 15°15 
8rd series y 14°97 | 15°24 
15°12 | 15°37 
* 15°12 | 15°40 
| Propylic alcohol ‘ 14°66 | 14°87 
Ethylie alcohol ’ 51°11 
Pa ‘ 49°98 

o 49°32 
Ethylic acetate . 50°72 
” ‘ 50°25 

9 9 | 9 50°11 
Copper chloride CuCl, | Ethylic alcohol : 35°06 
Ammonium iodide NH,I | = ‘ 41°98 
a 2nd prep. » | oe : 41°22 


” 


9 


9 


” 


| 
| 
| 
} 
| 


LB) 


These observations, together with some previously published, enable 
us to institute a comparison between the strongest aqueous solutions 
examined, and the strongest solutions in alcohol or other solvents. The 
following table shows the results and the percentage differences. 
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Taste IV. 


In other solvents. 


Substance, 


] 
| 
| 


Line. 


| In water. 


Per 
| cent. 
| 


Per 
cent, 


R. 


Change. 
per cent. 


Hydrochloric acid... 


Lithium chloride ... 


Ferric chloride 


Copper chloride 
Cobalt chloride 


Potassium iodide ... 
Ammonium iodide... 


Potassium 


48°50 


44°80 
42°45 
| 27°86 
| 41°5 
| 88°26 
37°47 


14°23 


54-63 |{ 


33°82 | 
32°97 
35°72 
39°57 


83°47 


{ 


Methylic alcohol 
Ethylic oe 
—— es 
ethyh rylic ,, 
mi ether 


Reha alcohol 
Propylic ,, 
Ethylic ,, 
Ethylic acetate 
Ethylic alcohol 


40°8 
39°0 
22°79 
18°3 
28°23 
13°05 
19°44 
11°29 
29°73 
27°67 
24°24 
10°86 
be | 
17'1 
4°95 


13°26 
12°97 
12°88 
11°82 
11°23 
10°36 
14°56 
14°54 
51°11 
50°72 
35°06 
32°10 
35°1 

41°98 


33°7 


—6°2 
—8'3 
-8°9 
-—16°4 
— 20°6 
— 26°7 
+2°3 
+2'2 
—6°4 
-73 
+3°7 
—2°6 
-17 
+6°1 


+0°7 


cyanate 


It appeared to us interesting to make similar experiments with nitric 
acid, because that is a liquid, and exhibits a large and peculiar refrac- 
tion change when diluted with water. Wecould not mix it with alcohol, 
because of the chemical action which would be set up; but we found 
that nitric acid slightly aqueous could be mixed with amylic nitrate or 
nitrobenzene without such action. The following experiments were 
made with acid that contained 9 per cent. of water,and we have thought 
it fairer to reckon the result for this particular compound instead of 
the pure nitric acid, and therefore can only give the specific refractive 
energy. 

TABLE V. 


Specific refraction. 


Solvent. 
D. B. 


| 


Substance. 


Amylic nitrate 


Nitrobenzene 


75°06 
55°57 
29°28 
15°02 


0°2620 
0°2634 
0°2656 
0°2656 
0°2639 


0°2637 


0°2654 
0°2675 
0°2680 
0°2705 


0°2680 
0°2687 
0°2740 
0°2754 
0°2717 


In our previous paper, we have given 0°2575 as the specific refraction 
of the strongest nitric acid for the line A; and Le Blanc’s figures give 
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0:2641 for the line D. Brihl’s most recent observations (Zeit. physikal. 
Chem., 1897, 22, 3) give 0°2616 and 0°2619 for the line D. It is evi- 
dent, therefore, that the refraction of nitric acid is increased but to a 
very small extent by solution in either of the above solvents. 

These tables show clearly that, in certain instances, the refraction 
change of a dissolved substance does depend to a considerable extent 
on the solvent used. 

Table IV also shows, in the case of hydrochloric acid dissolved in 
water and different alcohols, that water has the greatest effect in in- 
creasing the refraction, and that the alcohols show a smaller effect in 
the order H-OH, CH,°OH, C,H,-OH, C;H,,-OH, C,H,,,OH. The 
ethers are also notably below the alcohols. But this, and the 
effect of the increasing quantities of the solvent, is far more visible if 
the results are plotted in curves, such as were exhibited in the dia- 
grams of our former paper. In the following diagrams, we have pre- 
served the same form and given the results as specific refraction 
(u—1)/d, instead of P(u-—1)/d, the R of the previous tables, in order 
to facilitate comparison. As before, the ordinates represent that part 
of the whole specific refraction which we consider to be due to the 
dissolved substance itself ; the abscisse represent the proportionate 
amount of solvent which effects this change of refraction, The zero 
line represents the specific refraction of the acid or salt before it is 
dissolved. The abscissa marked 1 indicates that there is one part of 
solvent to one part of original substance, that is, a solution of 50 per 
cent. ; the abscissa 2 indicates two parts of the solvent to one of the 
original substance, that is, a solution of 33°3 per cent. ; and so on. 

The experiments with hydrochloric acid in solution are exhibited in 
the following diagram, p. 830. 

In the case of hydrochloric acid dissolved in water, the curve is that 
given in our previous paper (line D). The dotted line indicates the 
passage from the liquefied hydracid (specific refraction 0°301) to its 
value when 38:9 per cent. of gaseous hydrochloric acid is dissolved in 
water (specific refraction 0°387). After this, there is a sharp but 
short curve upward to about a 25 per cent. solution, and then a very 
gradual rise. The methylic alcohol solution, starting with almost exactly 
the same strength, gives only 0°366 for the specific refraction of hydro- 
chloric acid; but then it rises more rapidly, until, at a 10 per cent. 
solution, it nearly reaches the level of the solution in water. For the 
ethylic alcohol, we have taken the second series of two observations, 
believing it to be the more trustworthy, and it will be seen that, com- 
mencing with nearly the same strength of solution at a lower specific 
refraction, it continues in a curve almost parallel to that derived from 
the methylic solution. The solution in amylic alcohol was not so 
strong to begin with, but the 23 per cent. solution shows a much 
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lower refraction for the hydrochloric acid than in the previous cases, 
and it seems doubtful if the curve would ever rise so high as any of 
the preceding, even if the observations were prolonged to very dilute 
solutions. The hydrochloric acid in caprylic alcohol shows a still lower 
value at the starting point, and correspondingly lower values along the 
curve. It is easy to imagine that if these curves from solutions of 
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hydrochloric acid in the different alcohols were continued downward 
they might have a common starting point in the zero line not far from 
0°301, which is Bleekrode’s refraction value for liquid hydrochloric 
acid, or even 0°273, which is Mascart’s value for the gaseous acid. 

The experiments with the two ethers.show much lower values, the 
amylic compound again being the lower of the two. Instead of well- 
defined rising curves, the two determinations of the value for the 
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hydrochloric acid in ethylic ether agree in showing a slight fall on 
dilution, whilst that from amylic ether is practically a straight line, 
pointing significantly towards the specific refraction of the undissolved 
acid.* 

In considering this series of results, it must be borne in mind that 
in water the oxygen is combined directly with two hydrogens, and that 
all the alcohols agree in having one of the affinities of the oxygen 
saturated by hydrogen, whilst the other is saturated by CH, and its 
homologues. With the ethers, it is otherwise. There, no hydrogen 
is combined directly with the oxygen, but only through the agency of 
carbon. We may therefore look on this decrease in the specific refrac- 
tion of hydrochloric acid dissolved in the alcohols as mainly, if not 
wholly, due to the hydrogen in combination with oxygen, the propor- 
tion of which in the alcohols diminishes as their molecular weight 
increases. This will explain, not only why the higher alcohols have 
less effect in the first instance, but also why, when the smaller propor- 
tion of —OH in the solvent itself is compensated for by the increased 
quantity in the more dilute solutions, the refraction tends to rise to 
the same level. 

In diagram ITI. (p. 832) there are reproduced the former curves derived 
from aqueous solutions of two other chlorine compounds, namely, lithium 
chloride and ferric chloride. These were chosen because lithium 
chloride shows an increasing specific refraction on dilution, second only 
to that of hydrochloric acid itself, whilst ferric chloride shows an 
equally remarkable decrease of refraction. The results of the three 
experiments on lithium chloride in alcohol are plotted along with the 
old curve. Unfortunately, they are limited in range, but they show 
certainly an upward tendency similar to that found in the curve from 
the aqueous solution, and probably rather smaller in amount. The 
single observation of lithium chloride in propylic alcohol gives a result 
a little below the mean of what is found in the ethylic alcohol solu- 
tions. In the case of ferric chloride, the refraction deduced from the 
alcoholic solution is decidedly less than that from the aqueous one, and 
the curve drops still more on dilution. The solution in ethylic acetate 
gives a somewhat similar result. The experiments on these two 
chlorides are in consonance, therefore, with former experience. The 
a-line has been adopted throughout. 

In the same diagram is introduced, from our previous paper, the curve 
for nitric acid mixed with water, which was determined for the A line, 
and the result of our present experiment with the acid of 91 per cent. 
mixed with varying amounts of nitrobenzene. The two experiments 


* All these curves are made for the line a, except in the case of the solution in 
amylic ether, in which the line D has been adopted. 
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are not strictly comparable, but it is perfectly evident that the be- 
haviour of the two solvents is quite different. Instead of the sudden 
and great rise indicated in the aqueous solution, the specific refraction 
of the slightly aqueous nitric acid starts from about the same place, 
but its solution in nitrobenzene scarcely increases the refraction, and 
further dilution by the same liquid causes no additional rise. 

Hitherto, we have assumed in our calculations from solutions of salts 
and acids that the specific refraction of the solvent has remained the 
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same, while the specific refraction of the salt or acid has changed with 
the varying amount of dilution. But it is quite possible that it is the 
solvent which changes its specific refraction through its association 
with the varying amount of salt, or that both of them have changed. 
Indeed, our growing conviction is that neither the salt nor the solvent 
really change in specific refraction, but that by their interaction some 
new product or products result in quantities determined by the pro- 
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portionate amount of the two original substances. Probably, in every 
solution we have, in addition to the new product, some portion both 
of the original salt and of the solvent remaining unchanged. This 
action may be one of dissociation or of association, or of some hitherto 
unknown kind of mutual influence. It is the changing quantity of this 
tertium quid which makes itself apparent by the altered specific refrac- 
tion of the solution. 

We hope soon to be in a position to say something more definite as 
to the nature of this tertiwm quid, and especially as to the relation 
which it bears to the change in electrical conductivity of the solutions 


examined. 


LXXIX.—Reduction of Perthiocyanie Acid. 


By F. D. Cuarraway, M.A., Christ Church, and H. P. Stevens, B.A., 
St. John’s College, Oxford. 


THE atoms forming the molecule of perthiocyanic acid have been 
assumed to be arranged in a simple ring from the observation that it 
yields thiourea and carbon bisulphide on reduction. As, however, the 
properties of the substance render it probable that its molecule is 
larger than that represented by the formula H,N,C,S,, which is the 
simplest possible, the conclusion that in this complex molecule all the 
structural units have a similar atomic arrangement is only valid if the 
amounts of thiourea and carbon bisulphide obtained on reduction 
approach the theoretical ; otherwise, if small yields only are obtained, 
it simply proves that, in some part of the molecule, this grouping 
occurs, the structure of the remainder being perhaps indicated by the 
other substances produced in the action. Glutz, who first effected 
the reduction (Annalen, 1870, 154, 40), unfortunately gives but little 
information beyond the fact that these two substances are formed 
together with hydrogen sulphide. He does not describe fully the 
methods by which the reduction was effected, nor does he give any 
indication of the yields of the three products. Moreover, he purified 
the acid in a most unsuitable way by dissolving it in a hot solution of 
ammonia, and reprecipitating by hydrochloric acid. The action of 
alkalis on perthiocyanic acid is not yet properly understood, but the 
first action undoubtedly results in the precipitation of free sulphur, 
which, on heating, redissolves. This renders it very doubtful whether 
the substance used by Glutz was really pure perthiocyanic acid. 

The reduction of perthiocyanic acid has therefore been carefully 
carried out in various ways in order to determine the exact amounts of 
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carbon bisulphide and thiourea-obtainable, and the nature and amount 
of any other products of the action. When perthiocyanic acid is reduced 
by tin and hydrochloric acid, carbon bisulphide and thiourea are pro- 
duced in almost theoretical amount. 


H,N,C,S, + 2H =CSN,H, + O8,. 


Only very small quantities of hydrogen sulphide and carbon dioxide 
are produced in addition, these being doubtless formed by the hydroly- 
sis of a small portion of the perthiocy&nic acid under the influence of 
the strong hydrochloric acid. 


H,N,C.S, + 2H,0 =CSN,H,+ H,S+CO, +8. 


Amorphous phosphorus, iodine, and water can also be advantageously 
employed, but other reducing agents are not so suitable. Although 
thiourea and carbon bisulphide are generally first formed, secondary 
actions occur, and the yields obtained are not good. 


Reduction of Perthiocyanie Acid by Tin and Hydrochloric Acid. 


This is by far the best method of reducing perthiocyanic acid ; the 
action goes quietly and almost quantitatively, the mode of procedure 
being the following. 

Twenty grams of perthiocyanic acid placed in a two-litre flask are 
moistened with 30 c.c. of water, and 50 grams of granulated tin and 
100 c.c. of strong hydrochloric acid are added; the flask is then 
attached to a condenser, to which are fixed two long, connected U-tubes 
immersed in ice. Any gas escaping from these is passed through a 
series of flasks containing an alkaline solution of arsenious oxide. On 
being heated until the liquid boils gently, the perthiocyanic acid turns 
somewhat red, and is rapidly reduced, carbon bisulphide being given off, 
accompanied by some hydrogen sulphide and small quantities of carbon 
dioxide. 

The action is rather violent at first, but soon moderates, and is over 
in about 5 minutes. The carbon bisulphide collects in the U-tubes, 
from which it can.be removed and weighed, the sulphuretted hydrogen 
and carbon dioxide being absorbed by the alkaline solution of arsenious 
oxide. On adding acid to the latter liquid, arsenious sulphide is pre- 
cipitated, and carbon dioxide liberated. The arsenious sulphide is 
dried and weighed, and the carbon dioxide is passed into standard 
sodium hydroxide, precipitated with barium chloride, and the amount 
estimated by difference. The thiourea remains in the flask, along with 
the excess of tin and hydrochloric acid, as the stannous double salt 
which crystallises out in long, slender needles on cooling, and by 
recrystallisation from a little hot water can be obtained in well- 
formed white crystals melting not very sharply at 115°. 
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The thiourea is most conveniently obtained from this by adding a 
slight excess of sodium hydrogen carbonate, heating for a time, and 
filtering. After evaporating the filtrate to dryness, the thiourea 
can be extracted with alcohol, and completely freed from sodium 
chloride by evaporating the alcoholic extract to dryness and again 
taking up with alcohol. This process is repeated as long as necessary, 
but the thiourea is obtained practically pure after three extractions ; 
and, after recrystallisation from water, melts at 171°. The thiourea 
can also be obtained by diluting the solution of the tin double salt, 
precipitating the tin by sulphuretted hydrogen, and evaporating the 
residue to dryness. On recrystallisation from water, the thiourea is 
obtained pure in large, brilliant crystals. This method, although the 
simplest, is rather tedious, as the tin is not very easily precipitated 
completely at one operation. 

The reduction of the perthiocyanic acid takes place almost quantita- 
tively, according to the equation H,N,C,S, + 2H =CSN,H,+CS,. 

The yield of thiourea is about 99—99°5, and of carbon bisulphide 
usually about 90—95, per cent. of the theoretical. The amounts of 
hydrogen sulphide and carbon dioxide formed vary with the amount of 
acid used and the rapidity with which the action is conducted ; they 
correspond approximately in amount, and are, no doubt, mainly formed 
by the hydrolysis of a small portion of the perthiocyanic acid under 
the influence of the strong acid. 

The lower yield of carbon bisulphide, however, is, without doubt, 
mainly due to its volatility ; however carefully the receivers may be 
cooled, a certain amount of carbon bisulphide vapour is sure to be 
carried over by the escaping gases, especially at first, when the action 
is very vigorous. 


Action of Stannous Chloride on Perthiocyanie Acid. 


A solution of stannous chloride in strong hydrochloric acid has little 
action on perthiocyanic acid at 100°, but at a higher temperature is 
capable of reducing it. When perthiocyanic acid is heated in a hard 
glass tube at 170° for 3 hours with an equivalent quantity of stannous 
chloride and an excess of strong hydrochloric acid, it is completely de- 
composed. There is great pressure in the tube when it is opened, and 
an inflammable gas smelling strongly of carbon bisulphide is given 
off ; all the stannous chloride is found to have been converted into 
stannic sulphide, whilst at the bottom of the tube there is a layer of 
carbon bisulphide amounting to about 25 per cent. of the theoretical. 
On distilling off the carbon bisulphide, and filtering from the stannic 
sulphide, the filtrate is found to be free from thiocyanic acid, and con- 
tains nothing but ammonium chloride, the amount of ammonia 
obtained by distillation with potash corresponding with about 80 per 
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cent. of the total nitrogen in the perthiocyanic acid used. In this re- 
action, the perthiocyanic acid appears to be first reduced in the ordinary 
way to thiourea and carbon bisulphide, the thiourea is then transformed 
at the high temperature into ammonium thiocyanate, the thiocyanic 
acid liberated from this by the hydrochloric acid again reacting to form 
perthiocyanic acid. 

Reduction of Perthiocyanie Acid by Hydriodic Acid. 

Perthiocyanic acid is slowly reduced by hydriodic acid, thiourea and 
carbon bisulphide being produced. The hydriodic acid, however, 
especially if it be very concentrated, hydrolyses some of the perthio- 
cyanic acid, considerable amounts of hydrogen sulphide and carbon 
dioxide being evolved, also the carbon bisulphide is partially reduced 
by the hydriodic acid, so that smaller yields are obtained than with 
tin and hydrochloric acid. 

The following method gives good results. Twenty grams of perthio- 
eyanic acid, 20 grams of amorphous phosphorus, 50 grams of iodine, 
and 200 grams of water are placed in a half-litre flask, and cautiously 
heated to gentle ebullition ; the acid turns red, and is slowly reduced, 
carbon bisulphide distilling over, the heating being continued until it has 
all completely disappeared. The liquid, after dilution, is then filtered 
from any unchanged phosphorus, a slight excess of sulphuric acid is 
added to the filtrate, and the whole evaporated on a water bath, water 
being added from time to time until all the hydriodic acid has been 
expelled. The product is then dissolved, and an excess of barium 
carbonate added, the barium phosphate and sulphate are filtered off, 
and the solution of thiourea evaporated to dryness ; the residue is 
then extracted with alcohol filtered from any small quantity of undis- 
solved solid, and again evaporated and weighed. During the reduction, 
considerable amounts of hydrogen sulphide and carbon dioxide are 
given off which can be passed through alkaline arsenite solution and 
estimated as before. About 3 per cent. of the total sulphur is 
obtained as hydrogen sulphide. ‘The yields of thiourea and carbon 
bisulphide are not so good as when the reduction is effected with tin 
and hydrochloric acid. The thiourea produced is about 90 per cent. of 
the theoretical, whilst not more than 70—80 per cent. of the theo- 
retical quantity of carbon bisulphide can be obtained. 

If perthiocyanic acid be heated in hard glass tubes at about 130° 
with fuming hydriodic acid, a considerable quantity of ammonium 
iodide is formed, and some carbon bisulphide. A small quantity of a 
pale yellow substance, somewhat like perthiocyanic acid in appearance, 
is produced in addition. This is insoluble in water, but readily 
erystallises from alcohol in small, yellow needles, which melt at 118° 
to a red liquid, and burn in the air with a blue, sulphur-like flame. 
The substance is readily soluble in carbon bisulphide, chloroform, and 
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alcohol; it is paler in colour than perthiocyanic acid, and is not 
affected by a solution of potassium hydroxide or hydrochloric acid, 
even on boiling. 

This substance, which we hope to investigate further, resembles 
closely a compound obtained during the crystallisation of perthio- 
eyanic acid. After repeatedly boiling the crude perthiocyanic acid 
when all soluble matters have been extracted, a small quantity of a 
brown solid residue is left; this is partially soluble in hot alcohol, 
and the yellow solution, on cooling, deposits crystals similar in appear- 
ance to those mentioned above. They melt at the same temperature, 
118°, are soluble in alcohol, chloroform, and carbon bisulphide, and do 
not yield free sulphur on treatment with a solution of caustic potash. 


Reduction of Perthiocyanic Acid with Sodium Amalgam. 


As the action of caustic alkalis on perthiocyanic acid is a singular, 
and at present unexplained, one, resulting, however, in the precipita- 
tion of free sulphur, and since reducing agents have such a marked 
action on perthiocyanic acid, it seemed of interest to examine the 
action of alkaline reducing agents on it. 

Perthiocyanic acid (10 parts) was suspended in water (125 parts) 
and a large excess of sodium amalgam added (12°5 grams of sodium 


and 750 grams of mercury). The acid very slowly disappeared and 
the solution became clear and nearly colourless, very little hydrogen 
being evolved and no carbon dioxide. 

The liquid, after standing over the amalgam for about a fortnight, 
was poured off and examined. On adding excess of hydrochloric acid, 
large quantities of hydrogen sulphide and some carbon dioxide were 
evolved, and at the same time a considerable amount of perthiocyanic 
acid was precipitated; this apparently had been merely dissolved by 
the sodium hydroxide. The liquid, after filtration and expulsion of 
the gases, was found to contain a considerable quantity of ammonia 
and some thiourea. 

The first action of the sodium amalgam appears to be that of a simple 
reduction, the perthiocyanic acid, as before, yielding thiourea and 
carbon bisulphide. The sodium hydroxide, however, as it is formed, 
dissolves some of the unreduced perthiocyanic acid, the alkaline salt 
thus produced being afterwards only very slowly attacked. The 
alkali also acts on the carbon bisulphide, forming a thiocarbonate, 
which, on heating, slowly decomposes into carbonate and sulphide. At 
the same time, part of the thiourea is decomposed, yielding sodium 
carbonate, sodium sulphide, and ammonia. 
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LXXX.—Production of some Nitro- and Amido-hydroxy- 


picolines. 
By A. Lapwortn, D.Sc., and J. Norman Cotuiz, Ph.D., F.R.S. 


THE production of nitro- and amido-derivatives in the pyridine series 
has up to the present been very little studied, chiefly on account of 
the great difficulty in obtaining them. Nitric acid will not react with 
the free pyridine bases, and in this respect they differ from the cor- 
responding benzene hydrocarbons; and as the nitro-derivatives are 
wanting, no easy method is available for preparing the amido-deriva- 
tives. 

Only a few amidopyridines have up to the present been obtained ; 
F. Pollak (Monatsh., 1895, 16, 45) and S. Blumenfeld (Monatsh., 1895, 
16, 693) found that the amides of some of the acids, when treated 
with bromine and soda, gave amido-derivatives ; and Markwald (Ber., 
1893, 2187) produced a series of interesting amido-derivatives from 
chlorolutidine by the action of ammonia at a temperature of 170°. 

Now, although the pyridine bases themselves are not attacked by 
nitric acid, the hydroxypyridines react most easily with that reagent, 
giving true nitro-compounds. Dihydroxy-a-picoline, which had been 
prepared by one of us (Trans., 1891, 59, 617), when warmed with 
about 60 per cent. nitric acid, at once gives a nitro-derivative, 

CH perhs OH CH ie C:OH 
Se rw Ue Go 
\oF \oF 
OH OH 
Dihydroxy-a-picoline. Nitrodihydroxy-a-picoline. 

This substance has all the properties of a nitrophenol—it is pale 
yellow, forms bright yellow or orange salts with bases, and the 
potassium compound when heated explodes. 

When it is very carefully reduced by tin and hydrochloric acid, an 
amidohydroxypicoline can be obtained, but, should the temperature 
rise, a secondary reaction occurs, and a trihydroxypicoline is formed 
instead. 


N N N 
to™® f™& \ 
CH,C (0H CH,C (0H _, CHG C-OH 

HC ©: NO, 7” HC’ O-NH, HC CO-OH 


\CF No “fl \oF 
On OH O 


Nitro-compound. Amido-compound. Trihydroxypicoline. 
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The amidohydroxypicoline possesses the most remarkable property 
of forming all kinds of brilliant colours with various oxidising agents. 
Deep indigo blue, rich olive green, purple, bright magenta, and 
orange ; these colour changes forcibly recall those that many of the 
alkaloids give when oxidised under similar conditions. Strychnine, 
with sulphuric acid and potassium chromate; quinine, with chlorine, 
ammonia and potassium ferrocyanide, or morphine with ferric chloride. 

Amidohydroxypicoline forms salts with strong mineral acids, but 
will also liberate carbon dioxide from alkaline carbonates ; from these 
properties, it may possibly behave sometimes as an open chain com- 
pound ; in fact, when dried at 100°, it only loses 2H,O out of a possible 
three. 


C,H,N,0,,3H,0 = C,H,N,0,,H,0 + 2H,0. 


The amidohydroxypicoline, therefore, with 1 molecule of water, 
might be represented by the following formula. 


NH, 
CH,-¢ COOH 
HC CH: NH, 


Another curious reaction of this substance is the ease with which it 
loses ammonia. If its hydrochloride is partially neutralised with 
sodium carbonate and the solution boiled, an insoluble compound is 
precipitated, which seems to be a salt of the amidohydroxypicoline 
with the trihydroxypicoline. 


2C,H,N,O, + H,O =C,,H,,.N,0,+ NH, + H,0. 


If, however, the full quantity of sodium carbonate be used to com- 
pletely neutralise the hydrochloride, then, on boiling and subsequent 
cooling, trihydroxypicoline alone is formed, and separates in long, 
needle-shaped crystals. 

Trihydroxypicoline in most of its properties resembles the cor- 
responding trihydroxybenzene, pyrogallol. It will reduce a solution 
of silver nitrate even in presence of moderately strong nitric acid, the 
silver being deposited in the form of white, glistening crystals, which, 
when viewed under the microscope, seem to be hexagonal plates. In 
presence of sodium carbonate, it will develop photographs, and gives a 
series of colour tests with oxidising reagents similar to those of the 
dihydroxyamidopicoline. Whether the substance is a true trihydroxy- 
picoline or not, it is difficult to say, but, as it does not yield any 
acetyl derivative when boiled with acetic anhydride, its molecular con- 
stitution might be expressed by the formula, 
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Trioxy-a-picoline. 

Another compound having the same percentage composition, and 
presumably a trioxypicoline, but having a melting point 179° and 
giving no coloration with chloride of iron, has already been obtained 
by Sedgwick and Collie (Trans., 1895, 412). It probably is the only 
other trioxy-compound possible, and would have the formula, 


It was produced by the action of dilute permanganate of potash on 
dihydroxypicoline. 


B’-Nitro-a'y-dihydroxy-a-methylpyridine, CH,*C;NH(OH),*NO,. 


When dihydroxypicoline is dissolved in ordinary nitric acid and the 
mixture warmed, nitration occurs immediately, and a copious evolu- 
tion of oxides of nitrogen ensues. If, however, the nitric acid 
(sp. gr. 1:42) be diluted with water, the action is not so violent. It 
was found convenient not to nitrate more than 10 grams of dihydroxy- 
picoline at once. This quantity was dissolved in a mixture of about 
300 c.c. of nitric acid and 60 c.c. of water; the flask containing the 
mixture was then warmed on the water bath to about 70°, when a 
further quantity of about 100 c.c. of nitric acid (sp. gr. 1°42) was 
added, and the temperature allowed to rise to 80°. As soon as red 
fumes began to appear, the flask was cooled and the contents poured 
into about half a litre of water. The new compound, which separated 
as a yellowish-white crystalline precipitate, was collected and washed 
with cold water. The yield was nearly quantitative, 10 grams gave 
11 grams of the nitro-compound. 


C,H,NO, + HNO, = C,H,N,0, + H,0. 


It is best recrystallised from hot water, in which it is fairly soluble, 
separating again, on cooling, in glistening, yellow needles. It is soluble 
in acetic acid, but only sparingly so in alcohol, and the alcoholic solu- 
tion gives no characteristic colour with ferric chloride solution. It shows 
an acid reaction with litmus paper, and dissolves readily in a solution 
of ammonia with a fine, lemon-yellow colour; this solution, when 


SOME NITRO- AND AMIDO-HYDROXYPICOLINES. 841 


allowed to evaporate, deposits lemon-yellow needles of an ammonium 
salt. Caustic soda also easily dissolves the substance, forming a 
solution resembling in colour one of potassium dichromate; on con- 
centration, a lemon-yellow salt crystallises out which becomes orange 
when dry. The orange sodium salt is also produced when alcoholic 
soda is added to a solution of the nitro-compound in alcohol ; this salt, 
when dry, decomposes suddenly if heated on charcoal, leaving a long 
coil of carbon. The nitro-compound, when treated with the chlorides 
of phosphorus, reacts violently, and much decomposition occurs. 
Boiling acetic anhydride has no action; sulphuric acid also, even at 
high temperatures, has little action, but ultimately sulphur dioxide is 
evolved and the nitro-compound is completely destroyed without 
charring. An analysis gave the following numbers : 


Found: C=42°0; H=3'7; N=16°6. 
Calculated for C,H,N,O,: C=42°3; H=3°5; N=16-4 per cent. 


The nitro-derivative may be heated to 320° without melting, if plunged 
suddenly into the hot sulphuric acid, but it soon blackens, and com- 
plete decomposition takes place. 

When treated with bromine, a monobromo-derivative is produced. 
One gram of nitrodihydroxypicoline was treated in acetic acid solution 
with excess of bromine. The whole when evaporated to dryness gave 


a residue weighing 1°4 grams, in accordance with the following equation : 
C,H,N,O,+ Br, =C,H,BrN,O,+ HBr. One gram should yield 1°47 
grams of a mono-substituted derivative. A larger quantity of the 
bromine derivative was therefore made, and recrystallised from hot 
water it separates in white, needle-shaped crystals which, when dried 
and analysed, gave the following numbers : 


Found: C=28°7; H=2°6; N=11°3; Br=32 2. 
O,H,BrN,O, requires C = 28:9; H=2°5; N=11-2; Br=32-2 per cent. 


Reduction of the Nitro-derivative C,H,N,0, by means of Tin and 
Hydrochloric Acid. 


The reduction of the nitro-compound is best effected by dissolving 
it in strong hydrochloric acid and adding granulated tin in small 
quantities, keeping the mixture cool. When the action is at an end 
the yellow nitro-compound is replaced by a granular white precipitate ; 
this is collected, thrown on a filter and washed with a little hydro- 
chloric acid. It can be purified by dissolving it in water and re- 
precipitating it with strong hydrochloric acid ; it is nearly insoluble 
in most organic solvents. 

Thus prepared, it forms small, colourless, elongated rhomboidal 
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plates. The air-dried substance, on analysis, gave the following 
numbers. 

Found: C=36°8; H=5°8; Cl=18°2; N=14:2. 

Calulated for C,H,N,O,,HC1+H,O: C=37:°0; H=5°6; Cl=18:2; 
N=14:3 ; H,O=9°2 per cent. 

Several attempts were made to determine the water of crystallisation 
which was certainly present, but without success ; once 9°1 per cent. of 
water was obtained, but by prolonged heating at 100° the substance lost 
hydrogen chloride as well, so that this number cannot be relied on. 

It Las no definite melting point, and may be heated to 300° without 
showing any signs of fusing, and only a faint darkening occurs. It 
may be boiled during a day with hydrochloric acid, and subsequently 


recovered almost entirely. It can also be obtained from its solution . 


in hydrochloric acid in the form of fine, glistening needles, totally un- 
like the original crystals ; they possess, however, the same reactions 
and contain the same amount of chlorine, namely, 18°3 per cent. 

The free base, C,H,N,O,+3H,O, may be obtained from the above- 
mentioned hydrochloride by the action of alkalis. It was found best 
to dissolve the hydrochloride in hot water, and then add sodium car- 
bonate until the solution was neutral. On cooling, the base separates 
in long, colourless needles. It does not melt even at the highest tem- 


perature obtained by heating sulphuric acid. As the base cannot be 
recrystallised (owing to decomposition), these needles were washed 
with much cold water until the filtrate gave no precipitate with silver 
nitrate. 

When dried at 100°, the crystals lost 19-9 per cent. water ; calculated 
for 2H,O in C,H,N,O,,3H,O = 18°5 per cent. 

The substance dried in this manner was further analysed. 


Found : C=45:4; 4=6°5. Calculated for C,H,N,0,,H,O : C = 45:4; 
H=6'3 per cent. 


The base is sparingly soluble in cold water, acetone, and alcohol, 
but is insoluble in benzene and chloroform. It dissolves in hydro- 
chloric acid, and yields salts with strong mineral acids, but not with 
weak acids, such as acetic.- It does not form an. insoluble picrate or 
oxalate, but the sulphate crystallises in large, colourless needles. By 
boiling water, it is rapidly decomposed, ammonia is liberated, and an 
insoluble compound separates. It dissolves at once in alkalis, and in 
alkali carbonates with evolution of carbon dioxide, and possesses, 
therefore, both acid and basic properties, resembling amidoacetic acid 
in this respect. 

The most remarkable property, however, is the ease with which it 
oxidises, yielding a series of brilliant colours. 
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If a trace of ammonia is added to it, a deep indigo blue colour, 
finally turning to green, is produced ; oxide of silver also produces the 
blue coloration. With strong sulphuric acid and potassium dichromate 
or nitric acid, a fugitive purple coloration followed by an orange one 
is produced, resembling the colours produced when strychnine is treated 
ina similar way. Alkaline potassium ferricyanide gives a deep green 
colour which changes to a brilliant magenta when slightly acidified ; and 
the same coloration is produced when potassium dichromate and dilute 
acetic acid are used. 

When this base is boiled for a few minutes with water, or if the 
original hydrochloride is treated with half the amount of sodium 
carbonate requisite for neutralisation and the solution subse- 
quently boiled, the insoluble compound already referred to separates in 
fine, microscopical needles, or as a powder. This new compound can 
only be purified by filtration and washing with water, for it seems to 
be insoluble in nearly all solvents. A specimen thus purified was 
dried at 100° and analysed. 

Found: C=545; H=4:9; N=16°3. 

Calculated for C,,H,,N,0,: C=54'7 ; H=4:9 ; N=16-0 per cent. 

From its great insolubility, it has probably a complex structure and 
high molecular weight, and might be formed according to the equation : 


2C,H,N,0, + H,O=C,,H,,N,0,+ NH, +H,0. 
When treated with acids, it dissolves, affording a mixture of salts. 


Prolonged boiling with hydrochloric acid removes another molecule of 
ammonia, and the hydrochloride of trihydroxypicoline is produced. 


C,,H,,N,0, + 2H,0 + 3HCl = 2C,H,NO,HCl+NH,Cl. 


The hydrochloride agreed in all respects with that obtained by 
the action of hydrochloric acid on trihydroxypicoline (see p. 844), 
melting at 89—90°, and contained 15°6 per cent. of chlorine. Cale. for 
C,H,NO,,HCl+3H,O: Cl=14:9 per cent. The insoluble compound 
dissolves also in alkalis, and with alkali carbonates liberates carbon 
dioxide. The alkaline solution thus obtained at once absorbs oxygen 
from the air and becomes blue or bluish-green, but if acetic acid is 
added before the oxidation has gone far, the original insoluble com- 
pound is at once precipitated. 


Trihydroxypicoline, C,H,NO,. 


It has already been shown how the dihydroxyamidopicoline — 
chloride, after treatment, first with sodium carbonate and subsequently 
with hydrochloric acid, gave the trihydroxypicoline hydrochloride and 
ammonium chloride. 


20,H,N,0,,HCl + 2H,0 + Na,CO, = 20,H,NO, + 2NaCl + 2NH, + CO,. 
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The transformation may, however, be effected in several other ways. 
For instance, during the reduction of the original nitro-compound with 
tin and hydrochloric acid, if the temperature be allowed to rise, a large 
yield of the trihydroxypicoline hydrochloride is obtained. Again, it 
may be obtained in practically theoretical amount by dissolving the 
hydrochloride in water, neutralising with sodium carbonate, and boiling 
for halfan hour. On cooling, the trihydroxypicoline crystallises from 
the solution in long, needle-shaped crystals. 

The hydrochloride is most readily obtained directly from the original 
nitro-compound by allowing the reduction to proceed rapidly with hot 
hydrochloric acid. The clear liquid obtained is diluted, the tin precipi- 
tated with hydrogen sulphide, and the filtrate obtained from the stan- 
nous sulphide is then boiled down under reduced pressure as rapidly as 
possible. When concentrated, glistening needles are deposited from 
the solution, which may be recrystallised from weak hydrochloric acid 
solution. 

Several analyses were made, the mean of the numbers being : 

Found: C=30°8; H=65; N=6°3; Cl=15-2. 

Cale.: C,H,NO,,HC1,3H,O: C = 31:1; H= 6:1; N =6:1; Cl= 15:3 percent, 

The amount of water of crystallisation could not be determined, owing 
to loss of hydrogen chloride and subsequent decomposition. 

This hydrochloride dissolves somewhat readily in hot hydrochloric 
acid, and separates from the solution again when concentrated and 
cold. It melts at 89—90°. When the crystals are covered with a 
little water, they at first dissolve and are gradually replaced by fine 
needles consisting of the free trihydroxypicoline, and the solution is acid 
owing to the presence of free hydrochloric acid. The hydrobromide 
was also prepared ; it crystallises in needle-shaped crystals, similar to 
those of the hydrochloride, but is less soluble in dilute acid than the 
latter. On analysis, it was found to contain 28°6 per cent. Br. Cal- 
culated for C,H,NO,,HBr+H,O: Br=28°7 per cent. 

Trihydroxypicoline itself may be made from the hydrobromide in 
the same way as it was produced from the hydrochloride. . The 
simplest method, perhaps, is to mix the hydrochloride with the 
calculated amount of sodium carbonate, and grind the two together 
in a mortar with just sufficient water to make a paste, subsequently 
washing the product with water. When recrystallised from water, it 
forms long, glistening, silky needles. On-analysis, it gave the follow- 
ing numbers : 

Found: C=406; H=63; H,O=20°'1. 

Calculated forC,;H,NO, + 2H,0: C= 40-7; H=6-2; 2H,O = 20°3 per cent, 

The estimation of nitrogen was made with the dried substance. 
Found: N=10:2. Calculated for C,;H,NO, : N=9°9 per cent. 
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The compound is sparingly soluble in most organic solvents. By 
treating it with absolute alcohol, it is dehydrated and rendered insoluble, 
but if the alcohol be diluted it seems to be more soluble than in either 
alcohol or water alone ; from such a solution, it is gradually deposited 
in beautiful, transparent prisms. Heated slowly to about 240°, it sub- 
limes partly, becoming charred ; if heated quickly to 280—282° (corr.), 
it melts and rapidly decomposes. 

Its chief and most characteristic property is the very powerful 
reducing power it possesses. If it is dissolved in weak nitric acid and 
a moderately strong solution of silver nitrate is added, it is capable of 
precipitating the silver in the form of white, glistening crystals. Platinic 
chloride is instantly blackened. Its action as a photographic developer 
was tried, and found to be almost as powerful as that of pyrogallol 
in alkaline solution, This solution of trihydroxypicoline in soda 
solution absorbs oxygen from the air in the same way that an alkaline 
solution of pyrogallol. When treated with mercuric oxide, the 
latter was reduced, and a strongly-coloured yellow solution was pro- 
duced, but no crystalline substances could be obtained. 

It gives a series of colour reactions resembling those of dihydroxy- 
amidopicoline, but they are more delicate. If some of the crystals 
are moistened with a little water and then touched with a rod dipped 
in baryta water, a deep blue colour is at once produced; if a solution 
of bleaching powder be added, an intense pink colour is produced 
for an instant, and then a powerful odour like that of chloropicrin is 
evolved, and a precipitate of calcium carbonate forms, The compound, 
besides forming salts with acids, will liberate carbon dioxide from an 
alkali carbonate, possessing, therefore, both acid and basic properties. 
The sodium compound thus obtained gives a series of insoluble salts 
with many metallic salts such as barium or calcium chloride, lead 
acetate, &c. Nitrous acid decomposes it, nitrogen being evolved. 
When boiled with caustic potash, it is gradually destroyed. It does 
not seem to form an acetyl derivative, for even after prolonged boiling 
with acetic anhydride, the trihydroxypicoline can be recovered 
unchanged, 
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LXXXI.—Connection between the Crystallographical 
Characters of Isomorphous Salts and the Atomic 
Weight of the Metals contained.. A Comparative 
Crystallographical Study of the Normal Selenates of 
Potassium, Rubidium, and Cesium. 


By Atrrep Epwin Turton, Assoc. R.C.S. 


In this communication are presented the results of a detailed investi- 
gation of the morphological and physical characters of the normal 
selenates of potassium, rubidium, and cesium, of an identical, and 
therefore strictly comparable, nature to that of the analogous sulphates 
of the same three alkali metals, the results of which were laid before 
the Society in the year 1894 (Trans., 1894, 65, 628). 

Only the more easily procurable of these selenates, the potassium 
salt, appears to have been hitherto subjected to a crystallographical 
study, beyond the cursory inspection which revealed the fact that they 
were isomorphous with the corresponding sulphates. Potassium 
selenate was included by Topsée and Christiansen in their well-known 
investigation published twenty-three years ago (Ann. Chim. phys., 1874, 
[v],1, 1). The densities of all three salts were determined by Pettersson 
in 1872—1876 (Nova Acta R. Soc. Upsala, [iii], 1873 and 1876), with 
small quantities of material. 

The investigation of the selenates has been attended by far greater 
difficulties than beset that of the sulphates, on account of the fact 
that they are so much more soluble in water than the latter salts as 
to be in no small degree hygroscopic. At the very outset of the inves- 
tigation, the progression from potassium to cesium was unmistakably 
manifested with regard to this property ; for while the deliquescence 
of the potassium salt is only sufficiently rapid to prove inconvenient, 
that of the rubidium salt is so much more marked, that it was rarely 
possible to complete the goniometrical measurement under ordinary 
conditions, exposed to the atmosphere, with one and the same crystal, 
the rare occasions being on remarkably dry days; and the rapidity of 
deliquescence of the cesium salt is so extreme that a crystal usually 
becomes a drop of solution in a few minutes after its exposure to the 
air on ordinary moist days. The manner in which this difficulty has 
been overcome will be described at a later stage. 

The potassium selenate employed in this investigation was supplied 
specially for the purpose in a high state of purity by Merck. It was 
subsequently repeatedly fractionally crystallised, and the crystals 
found to be free from any appreciable traces of impurity. The 
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rubidium and cesium salts were prepared by the author from the pure 
carbonates of the metals and pure selenic acid, all of which were also 
specially supplied to the author by Merck. The carbonates were 
dissolved in water and the solutions decomposed by the correct quantity 
of selenic acid. The solutions of the selenates were then allowed to 
crystallise, and the crystals obtained several times fractionally re- 
crystallised. The crystals thus obtained proved, as will be subsequently 
shown, to be pure. 

Crystallisation of solutions of the selenates is almost impossible in 
the open air in ordinary moist conditions of the atmosphere ; the potas- 
sium salt, being least soluble, of course shows the greatest tendency to 
crystallise, but concentrated solutions of the cesium salt may remain 
exposed for weeks and months without depositing crystals. Indeed, 
saturated solutions of both rubidium and cesium selenates appear to 
attract moisture from the air. Hence, the crystallisation of the salts 
was effected over oil of vitriol under reduced pressure. Half a dozen 
large receivers were independently connected with the same double- 
barrelled air-pump, so that several clearly labelled crystullising dishes 
containing solution could be placed over vitriol in each, only crystals 
of any one salt being grown in the same receiver, to avoid all chance 
of admixture. The receivers stood on ground glass plates, and con- 
nection with the air pump and manometer was made by suitable glass 
connections provided with stopcocks. Thus all use of metal was 
avoided, and as the whole arrangement stood on a separate table 
covered with thick non-conducting baize, all chance of sudden thermal 
disturbance of the crystallising solutions was avoided. The pressure 
was only reduced sufficiently to permit of slow crystallisation, in order 
to obtain the most satisfactory crystals. 

The author desires to express his thanks to the Research Fund 
Committee of the Society for their grant to defray the cost of the 
large quantities of the expensive chemicals employed in the investi- 
gation. 


Gravimetric and Spectroscopic Analyses. 


Each of the three selenates was gravimetrically and spectroscopically 
analysed, as has been the author’s custom throughout the whole of 
these investigations, in order to afford the highest guarantee of their 
purity. 

The gravimetric analysis consisted in estimations of the content of 
selenium. The method found most convenient in the cases of potassium 
and rubidium selenates was the reduction of tbe selenates to selenites 
by prolonged boiling with hydrochloric acid, and subsequent precipita- 
tion of the selenium from the selenites by means of sulphur dioxide 
gas. ‘Ihe clear characteristic crystals selected from one of the crops 
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used in the goniometrical and optical work were in each case finely 
powdered in an agate mortar, and the powder rendered perfectly anhy- 
drous by heating in a current of dried air to 150° for some hours, 
employing the apparatus, and taking the extreme precautions to 
prevent contact with the moist air, which will subsequently be more 
fully described in connection with the density determinations. The 
weighed quantity of salt was dissolved in distilled water, and boiled 
with about an equal quantity of pure hydrochloric acid, in a flask fitted 
with an upright condensing tube, to prevent loss by spirting and retard 
loss by evaporation, for a couple of hours, when all trace of liberated 
chlorine had disappeared. The contents of the flask were then trans- 
ferred with washings to a large three-bulbed U absorption tube, which 
was connected on one side with a large flask containing a concentrated 
solution of sodium sulphite into which sulphuric acid could be allowed 
to fall from a dropping funnel, and on the other with an empty flask 
fitted with doubly perforated stopper, through whose second hole was 
inserted a long tube to lead excess of the sulphur dioxide into the flue 
of the large fume cupboard in which the operation was performed. 
Sulphur dioxide was then liberated from the generating flask by running 
in the vitriol and applying heat, and a stream of such rapidity was 
maintained that a few bubbles escaped absorption every minute. 
Towards the end of the precipitation, when the red selenium had 
coagulated to a mass in the lowest bulb on the bend of the U-tube and 
the liquid began to clear, the absorption apparatus was gradually 
warmed to about 60°, the flame was then altogether removed 
from the generator, and the reaction was left to complete itself for 
another couple of hours, the contents of the bulbs being surrounded 
on each side by a flask filled with the reducing gas. The precipitate 
was subsequently collected on a weighed filter, thoroughly washed with 
hot distilled water, dried at 80°, and weighed. 

This method, which proved eminently satisfactory in the cases of the 
potassium and rubidium salts, was found to be inapplicable to cesium 
selenate. The much greater stability of the cesium salt is strikingly 
indicated by the fact that, in the first place, boiling with hydrochloric 
acid appears incapable of reducing it to selenite, there being little or 
no indication of liberated chlorine, and, further, barely a trace of sele. 
nium is precipitated by sulphur dioxide. Under these circumstances, a 
method was tried, and found to answer admirably, which has recently 
been described by Pierce (Zeit. anorg. Chem., 1896, 12, 409). 

It consists in adding to the highly diluted hydrochloric acid solution 
a considerable excess above the calculated quantity of potassium iodide 
solution, and boiling for upwards of half an hour until all free iodine 
is expelled. The precipitated selenium, in the state of black powder, 
is then transferred to a weighed filter, dried at 100°, and weighed. 
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The analytical results obtained were as follows: 

Potassium Selenate.—1:0453 gram K,SeO, gave 0°3722 gram Se, 
corresponding to 35°61 per cent. The calculated percentage of Se in 
K SeO, is 35°69. 

Rubidium Selenate.—1:4494 gram Rb,SeO, gave 0°3686 gram Se, 
corresponding to 25°43 per cent. The calculated percentage of Se in 
Rb,SeO, is 25°16. 

Casiwm Selenate.—1°6667 gram Cs,SeO, gave 03235 gram Se, 
corresponding to 19°41 percent. The calculated percentage of Se in 
Cs,SeO, is 19°30. 

The above numbers thus indicate that the material of the three 

selenates which was employed in this investigation was analytically 
pure. 
The rubidium and cesium salts were each further spectroscopically 
tested for traces of the other two salts, inthe same manner as in the 
case of the sulphates (vide that memoir, p. 631). No traces of the 
cesium lines were detected in the spectrum of the rubidium salt, 
and, likewise, no evidence of rubidium in the cesium salt was 
afforded, although very brilliant spectra were obtained. Moreover, 
neither salt exhibited potassium lines, while, in the case of the 
rubidium salt, the two red rubidium lines were most brilliant ; the 
position which the red potassium line should occupy had previously 
been well located by the same excellent method as is described in the 
previous memoir concerning the sulphates on the page just quoted. If 
potassium had been present in traces, its red line would have been at 
least equal in intensity to the red rubidium line, as has been shown by 
Erdmann (ref. given, loc. cit.). 

Hence there can be no question as to the purity of the material of 
the salts employed in this investigation. 


Determinations of Solubility. 


The solubility of the three selenates in water was determined with 
great care with relatively large quantities of the salts, Strong solutions 
were first concentrated over oil of vitriol under reduced pressure until 
crystals commenced to be deposited. The vessels containing the solu- 
tions were then transferred to the interior of an empty bell-jar standing 
simply on a glass plate, and allowed to stand for several days at the 
ordinary atmospheric pressure, in order that, under these normal con- 
ditions, equilibrium between solution and deposited crystal might occur, 
any excess of the latter being re-dissolved or supersaturation of the 
former discharged by further deposition. Suitable quantities were 
then transferred to weighed vessels, the temperature being noted 
weighing bottles of considerable size were used in the cases of the 
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potassium and rubidium salts and a large platinum crucible in the case 
of cesium selenate. The three vessels and their contents were then 
closed and weighed to ascertain the amount of solution taken in each 
case, and subsequently opened and placed under separate vacuum 
receivers containing dishes of vitriol, and, after exhaustion of the 
receivers, allowed to evaporate in vacuo as far as such a process could 
be carried. It was found possible to evaporate thus to complete dry- 
ness in a few days in the cases of the potassium and rubidium salts, 
but after a month a notable quantity of the solution of the much more 
soluble cesium selenate still remained about the large crop of crystals 
of that salt. The last traces of water were removed from the deposited 
potassium and rubidium selenates by heating the weighing bottles to 
150° for a whole day in an air bath, a slow current of well-dried air 
being aspirated through the bottles the whole time by means of a water 
pump under such conditions that the pressure within the bottles was 
considerably less than atmospheric. Towards the end of the operation, 
the temperature was raised to 180°. In the case of the cesium salt, 
the platinum crucible, with its contents covered with a small and low 
inverted glass funnel, was placed in a glass vessel blown of suitable 
size at the neck to receive it, which was then fitted with a luted 
stopper perforated by the two tubes for the delivery and exit of the 
current of dried air. The temperature of the crucible was then 
cautiously slightly raised, the current of air under reduced pressure 
being maintained, and the operation continued, with care to avoid pro- 
jection of the liquid, until dryness was attained ; any slight amount 
projected was retained by the inverted funnel. After apparent dryness 
had been attained, the temperature was raised, eventually to 200°. 
The platinum crucible was subsequently removed, heated to redness, 
transferred to a desiccator, and weighed when cold, the weight being 
again taken after a second heating. The minute quantity of salt pro- 
jected upon the funnel was of course determined, and added to the 
content of the crucible. 

The results obtained were as follows: 

Potassium Selenate.—12°0492 grams of a solution saturated at 12° 
contained 6°4482 grams of K,SeO,. Hence 100 grams of water at 12° 
dissolve 115-0 grams of potassium selenate, 

Rubidium Selenate.—8°6805 grams of a solution saturated at 12° con- 
tained 5°3268 grams of Rb,SeO, Hence 100 grams of water at 12° 
dissolve 158-9 grams of rubidium selenate. 

Cesium Selenate.—9°6226 granis of a solution saturated at 12° con- 
tained 68321 grams Cs,SeO,. Hence 100 grams of water at 12° 
dissolve 244°8 grams of cesium selenate. 

Data concerning the density of the heavy solutions produced by 
dissolving considerable quantities of these salts in water were subse- 
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quently obtained in connection with the determinations of the 
refraction constants of the dissolved salts. The details will be given 
under that head, but the final results are tabulated here, as of most 
interest in the present connection. 


Densities of Solutions of the three Selenates at 20°, compared with 
Water at 4°. 


Concentration. Density. 
1°3591 
1°4385 
15590 
14688 
1-5806 
15841 
1°7432 


The following is the most interesting conclusion to be drawn from 
the determinations of solubility. 

The normal selenates of potassium, rubidium, and cesium dissolve to a 
progressive extent in water, 100 grams of that liquid at 12° dissolving 
115 grams of potassium selenate, 159 grams of rubidium selenate, and no 
less than 245 grams of the cesiwm salt. The progression is thus in the 
order of the atomic weights of the alkali metals respectively contained, and 
becomes more rapid as the atomic weight rises, 

This conclusion is parallel to that arrived at as regards the sulphates, 
whose solubilities in 100 c.c. of water at the ordinary temperature were 
found to be: for K,SO,, 10 grams; for Rb,SO,, 44 grams; and forCs,SO,, 
163 grams. The much greater solubility of the selenates is clearly 
evident from these numbers. 


GoONIOMETRICAL INVESTIGATION. 


The normal selenates of potassium, rubidium, and cesium crystal- 
lise, like the sulphates, with which they are closely though not abso- 
lutely isomorphous, in the rhombic system. The closeness of the 
isomorphism with the sulphates will be apparent from a comparison of 
the angular values, subsequently given, with those of the sulphates 
given in the former memoir, the differences being only a very few 
minutes, The order of the differences is indeed similar to that 
between the three members of either group. The same planes are 
common to all, more or less differently developed, however, upon the 
different salts. Hence the same spherical projection as was given 
for the sulphates is applicable to the selenates, tne very slight angular 
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differences between the various members of either group being inappre- 
ciable in a spherical projection drawn upon this scale. It is given in 
Fig. 1. 

Two more forms appear on this spherical projection than were shown 
by the sulphates, namely m= {102}4Po, and s= {132}3 P3. These two 
new forms have been observed upon potassium selenate. 

The pseudo-hexagonal nature of the symmetry is a characteristic of 
the selenates equally with the sulphates, the angles ap, pp’, and p’b 
being approximately, and as regards pp’ exactly, 30°. 
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The goniometrical measurements have been carried out precisely as 
for the sulphates. The difficulty introduced by the deliquescence will 
be discnssed in connection with the particular salts. 


Potassium Selenate, KSeO,,. 


The greatest of all the difficulties met with in connection with this 
investigation has been to obtain suitable crystals of the potassium 
salt for the goniometrical and optical work. It is almost invariably 
deposited in large groups of much striated and distorted crystals, most 
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frequently irregular triplets, and it is only very rarely indeed that 
small single individuals, with plane faces of the required high degree 
of perfection, are obtained, either in vessels exposed to the air at the 
ordinary pressure or over oil of vitriol in vacuo. Upwards of a 
hundred different crops have been grown under every conceivable 
modification of conditions, and it has only been by these repeated 
attempts during twelve months that an adequate number of such 
desirable crystals have been obtained for the purposes of this work. 

Twenty such crystals were employed in the goniometrical measure- 
ments, which were carried out on particularly dry days, when the 
deliquescence of the salt proved to be sufficiently slow to permit of the 
measurements with each crystal being completed. The very large 
number of crystals measured were employed because of the unusual 
simplicity, that is, paucity of faces, of the perfect single individuals 
which alone were suitable for measurement. Hence the completion of 
the work with each occupied much less time than in the cases of the 
more complex crystals of the rubidium and cesium salts, and the 
deliquescence of this salt being the least rapid of all three, there was 
greater chance of completing the measurements with each crystal on a 
clear day when a northerly or north-easterly wind was blowing. In 
only a few cases was the Fuess desiccating chamber used on the crystal 
stage of the goniometer during the actual measurements, but this 
accessory proved very useful to enable a prolonged preliminary scrut- 
iny of the crystal to be made in order to become familiar with the 
disposition of the faces. 

The results of the observations, measurements, and calculations are 
given below and in the accompanying table. No angular values were 
accepted which involved any ambiguous signal images. 

The ratio of the morphological axes, calculated from the goniometrical 
measurements, is: 

a:6:c=0°5731 :1:0°7319. 
The forms observed were the following : 


a={100}a Po; b={010}m Po; c={00l}oP; p={1l0}oP; g= 
{O11} Poo; g’={021}2Pa0; m={102}}Po; o={111}P; o' ={112}4P; 
s = {132}3P3, 

The perfectly developed plane-faced small individual crystals, which 
are alone suitable for the trustworthy measurement of the morpho- 
logical angles, and which are so exceedingly difficult to obtain, are 
unfortunately of a most simple character. They exhibit, as a rule, 
no other forms than the brachypinacoid 5{010}, parallel to which they 
are usually tabular, the primary prism, p{110}, and the two brachy- 
domes g{011} and q'{021}. Numerous beautifully perfect crystals of 
this type have been examined, of a size varying from one to three 
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millimetres in their longest dimensions, but only on one such crystal 
were minute faces of the pyramidal forms o{111} and o’{112} observed 
sufficiently perfect in character to afford trustworthy reflections. 
Occasionally, a single crystal of this nature shows a face of the very 

_unusual (as regards this series of salts) macrodome m{102}; the re- 
flections afforded by such macrodome faces observed were excellent. 
The chief characteristic of these perfect individual crystals is the 
relatively large development of the brachypinacoid 6{010.} The basal- 
plane c{001}, and the macropinacoid a{100}, are only represented by 
narrow strips or lines, if present at all, as shown in Fig. 2. Fig. 3 
shows a crystal with the rarer faces developed. 


The crystal deposits of this salt usually obtained consist of large, 
distorted, and greatly striated prismatic growths, either of a radiating 
or intergrown character, quite useless for goniometrical or optical 
purposes, particularly for a purpose such as that of the present investi- 
gation, where a question of a few minutes of arc is involved. The 
crude prisms show usually large but distorted faces of the primary 
prism, and very much striated and indented brachypinacoid faces, 
tailing off with curvature or vicinal formations into the successive 
brachydomal end forms. The striations are parallel to the edge by. 
Moreover, repeated twinning in triplets is largely characteristic, and 
such irregular triplets frequently grow to very large size. Their 
nature has been carefully studied, and they prove to be similar in 
character to the well-known pseudo-hexagonal triplets of potassium 
sulphate. Two characteristic triplets are represented in Figs, 4 and 5. 

The twin plane of the form shown in Fig. 4 is almost perpendicular 
to the p faces, as in the case of potassium sulphate, and the 
resultant triplet resembles a hexagonal prism with pyramidal termi- 
nations. The faces of the prism are all p faces, and the end forms 
oand o’. But owing to the angle pap between the p faces of each 
of the three crystals being 59° 38’ instead of exactly 60°, the faces of 
the triplet are not truly plane, each face being made up of parts of 
p faces of two individual twinned crystals, Whenever a well- 
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formed triplet less striated than usual is examined, the dividing edge 
of the two parts is distinctly visible. Usually, however, the triplets 
are so deeply striated and distorted that they may easily be mistaken 
for much striated, truly hexagonal prisms. The type shown in Fig. 5 
is very characteristic of numerous crops. It may be considered as a 
triplet on the same twin plane as the last, but with the interpenetra- 
tion of the three individuals less complete, none of them passing 
through the structure far enough to be continued on the opposite side. 
It exhibits the faces of the brachypinacoid 6 and of the brachydomes 
q and q’ in re-entrant angles, and these faces are usually very much 
serrated parallel to the edge bg. This form of triplet may also be 
regarded as twinned parallel to the p faces ; for if two individuals 
be laid parallel, with a p face of the first in contact with the p 
face of the second, and if rotation be then effected round the normal 


Fig. 5. 


a 


to this plane as axis, and if next a third individual be brought simi- 
larly in contact with the adjacent p face of the first and finally 
rotated, in the same manner as the second, a triplet of precisely this 
character would be produced. Usually there is more or less inter- 
penetration, the 5 faces in the re-entrant angles being narrower than 
the p faces, 

In addition to the end forms m{102}, o{111}, 0’{112}, and in the re- 
entrant angles ¢{011} and q'{021}, a new pyramidal form, s{132}, was 
observed ; it was located as being situated at the intersection of 
the two zones [mo’b] and [sq], but the reflections were too distorted 
to afford trustworthy measurements. 

The angles marked with an asterisk were the two most frequently 
and satisfactorily determined, which were consequently employed as 
the two basal angles required in order to calculate all the rest. The 
relative simplicity of perfect individual crystals of this salt, compared 
with that of the analogous rubidium and casium salts, is strikingly 
shown by the smaller number of angles of which it was found possible 
to obtain trustworthy measurements. 
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Morphological Angles of Potassium Selenate, K,SeO,. 


| 


No. of | Mean Calcu- Dif- 


ngle, measure- imits. 
Angle aenie Limits observed. lated. ference. 


29° 45’ —29 29° 48’ 29° 49’ 
— — 30 0 
as 30 11 

* 


60 5—60 60 11 
59 26 —59 59 36 59 38 


— 20 6 
= 16 6 
36 13 —36 36 12 
19 20—19 19 28 
— 9 51 
— 24 29 
34 10 —34 of 
53 37 —53 53 48 


44 9 
45 51 


59 3 
30 57 
65 43 
48 34 


72 51 
17 


_ 36 
— 19 
55 46—55 55 
34 8—34 34 


65 
| 48 
388 —65 65 


72 46—72 


cm = 001:102 | 32 26—32 42 82 31 


Total number of measurements, 270. 
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Rubidium Selenate, Rb,SeV,. 


Rubidium selenate, unlike the potassium salt, is readily obtained in 
excellent single crystals, frequently of large size, by the evaporation 
of concentrated solutions over oil of vitriol under reduced pressure. 
In dry weather, it is also possible to obtain them by evaporation of 
such solutions in the open air, but in a moist atmosphere crystallisa- 
tion rarely occurs. Twelve small crystals of the most perfect charac- 
ter were selected from several distinct crops and employed in the 
goniometrical measurements. Particularly dry weather was utilised 
for the purpose, and it was found possible, in most cases, to complete 
the measurements before the deleterious effects of deliquescence upon 
the brilliancy of the signal images became apparent. The desiccating 
chamber of the goniometer was used mainly for the same purpose as 
in the case of the potassium salt, that of preliminary examination. 
All angular values involved in the slightest doubt, owing to ambiguity 
of the reflections from the crystal faces concerned, were discarded. 
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The following are the results of the observations, measurements, and 
calculations of the morphological constants. 
The ratio of the morphological axes, calculated from the measured 
angles, is : 
a:b:c: = 05708 :1 : 0°7386., 


The forms observed include all those given on the spherical projec- 
tion except 0”{332}. They are: 


a={100} o Pw;b={010} w Pm; c={00l}oP; p={110}mP; 
p' = {130} m P38; g={Oll} Po; g’= {021} 2P w; g” = {031}3Poa ; 
7” ={012}3P w; o={111}P; o ={112}3P. 


The most typical habit of rubidium selenate crystals is represented 
in Fig. 6. It is somewhat similar to the form of rubidium sulphate 
exhibited in Fig. 6 (p. 639) of the sulphate memoir. It is charac- 
terised by the predominance of the brachydome q’{021}, and the 
relative unimportance of the basal plane c{001} and the brachypinacoid 
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6{010}. The macropinacoid a{100} is the most important of the three 
primary rectangular rhombic.forms, and is almost invariably a promi- 
nent face. The primary prism p{110} is also very prominent, much 
more so than the prism p'{130}, which is very frequently absent alto- 
gether. The primary brachydome g{011} is another well represented 
form, although not usually nearly so extensively developed as q’. The 
primary pyramid o{111} is usually well developed, while the pyramid 
o'{112} is generally smaller when present at all. The brachydomal 
form q"{031} was frequently observed on the crystals of this salt, and 
afforded excellent reflections. The other, less common, brachydome, 
9’ {012}, was less frequently discovered, and was then only very narrow, 
yielding poor images in the zone [cgb] but satisfactory ones in the zone 
[ao'g’”|. Occasionally, crystals were found with broad brachypina- 
coidal b faces. 


Morphological Angles of Rubidium Selenate, Rb,SeO,. 


No. of | 
measure- 


ments. 


Mean - | Dif- 
observed. | ference. 


~ 


40 | 29° 35’—29° 53’ 29° 43’ 
8 29 52—30 29 
9 30 11 —30 30 

82 | 60 11—60 60 


36 24 —36 36 
19 16—19 19 
9 29— 9 9 
| 24 8—24 24 
| 34 0—34 34 


| 48 41—43 43 
| 45 56—46 46 


| 58 39—58 58 
| $1 11—31 31 


| 65 32—65 65 
| 48 25 —48 48 


| 72 42—72 72 
ais 34 


36 34 —36 
19 20 —19 
55 59 —56 
33 42 —34 


64 51—65 
49 8—49 
65 38 —65 
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Morphological Angles of Rubidium Selenate, Rb,SeO,—continued. 


| 
No. of ; a. : 
Angle. measure* Limits. Me ay Calee-" | oe 
observed. lated. ference. 
ments. 


110: a 
112: 
O11: 


130: 
Tid: 


1 
1 ce 
6 72 45—72 50 
1 

1 1 

112: 1 
1 
1 
2 
1 
8 


021: 
130: 
112: 
011: 


110: 


| 61 58—62 0 


sm wnwmw Krew Re OO 


63 0—63 17 


Total number of measurements, 486. 


It will be seen that the calculated and observed angles agree most 
satisfactorily. The angles marked with an asterisk, being considered 
the two determined with the closest approximation to certainty, were 
employed as basal angles for the purposes of calculation. The great 
majority of the measured angles lay much closer to the mean values 
than is indicated by the limiting values, which latter were usually more 
or less outlying values. 


Cesium Selenate, Cs,SeO,. 


Owing to the extreme solubility of cesium selenate, solutions require 
to be evaporated in vacuo to a highly concentrated state before crys- 
tallisation occurs. When all disturbing influences are avoided, the 
crystals grow to very large size, and are usually bounded by excellent 
faces. It is also occasionally possible to obtain crystals by evaporation 
in the open air in prolonged dry weather, but in a moist state cf the 
atmosphere it is quite impossible. The crystals deliquesce with con- 
siderable rapidity in ordinary moist air, dissolving eventually entirely 
in the attracted moisture. A large number, between twenty and 
thirty, freshly-grown individuals were employed in the measurements, 
all of as perfect a character as possible when first attached to the 
crystal holder of the goniometer. This large number was found 
necessary, inasmuch as it was only found possible to measure a few 
zones on each before the influence of deliquescence began to be 
manifest. By selecting dry weather for the measurements, and choosing 
different zones on different crystals, however, the usual large number 
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of measurements were eventually obtained. The use of the desic- 
cating apparatus provided with the Fuess goniometer did not appear 
to be of much advantage with this salt, inasmuch as the crystal 
proved to be almost as excellent a desiccating agent as the calcium 
chloride employed therein. It was, however, used when the atmo- 
sphere was not so dry as it usually was on the days chosen, the air 
within it having been dried for some hours previously, and also largely 
for the purpose of preliminary examination of the crystal. 

The following are the results of the morphological investigation. 

The ratio of the morphological ames, calculated from the angular 
measurements, is : 

a@:b:c=05700: 1:0°7424. 

The forms observed include all those marked on the spherical pro- 

jection except q{031} and 0”{332}. They are as follows : 


a={100}0 Po; b={010}0 Po; ef00l}oP; p={110}o P; 
p' ={130}00 P3 ; g= {011} Poo ; g’ = {021} 2P oo ; g” = {012}3 Pa ; 
o' ={111}P; o' ={112}4P. 


The crystals of cesium selenate resemble those of the sulphate in 
usually exhibiting a much larger development of the basal plane c{001} 
than the potassium and rubidium salts. They are frequently more or 
less tabular in this direction. The two pinacoids are usually also well 
developed forms, but so considerably bevelled and truncated by the 
domal, prismatic, and pyramidal forms as to be frequently much 
reduced. Fig. 7 represents a typical crystal. The brachydome, g’{021}, 
is not infrequently more extensively developed than shown in the 
figure. Of the two prisms, p'{130} is the only one usually present, 
the occurrence of the primary prism, p{110}, being comparatively rare ; 
this is just the reverse of the case with potassium and rubidium selenates, 
and is a characteristic feature of the salt. The faces of the primary 
pyramid, o{111}, are generally well represented, those of the pyramid 
o'{112} being less common and usually smaller. The brachydomal 
form, q'"{012}, was frequently observed, and occasionally afforded ex- 
cellent reflections. 

The results of the measurements are given in the accompanying 
table : 
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Morphological Angles of Cesium Selenate, Cs,SeO,. 


Mean Dif- 


Limits. 
observed. | 4 ference. 


Angle. | measure- 
ments. 


No. of | 
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Total number of measurements, 693. 


The angles marked with an asterisk were the basal angles used in 
the calculations, on account of their numerous repetitions and particu- 
larly trustworthy character. It will be observed that, in all cases 
where more than one measurement was made, the observed and 
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calculated values approximate very closely. All values of an un- 
trustworthy nature, owing to lack of definition of the signal images 


involved, were rejected. 


Comparative Table of Morphological Angles of the Three Selenates. 


* 


Potassium Differ- Rubidium 


Angle. selenate, ence. selenate. 


29° 43’ 
59 43 
30 
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Although only traces of the form o” were observed, no measure- 
ments being obtained of its position, the calculated values of the 
angles which it makes with the neighbouring o and p faces are in- 
cluded in the table, for comparison with the analogous values for the 
sulphates. 


Comparison of the Morphological Angles of the three Selenates. 


The values of analogous angles on the crystals of the three salts are 
set forth side by side in the accompanying table. The following facts 
are apparent : 

The values of the morphological angles of the crystals of the rubidium 
salt are without exception intermediate between those of the analogous 
angles on the crystals of the potassium and cesium salts respectively. 

The differences between corresponding wngles of the three salts are very 
small, rarely attaining 20 minutes of are for the passage from the 
potassium to the rubidium salt, or from rubidium to cesiwn selenate, and 
never reaching a degree for the replacement of potassium by cesium. 

The intermediate position assumed by the rubidium salt with respect 
to the morphological angles is somewhat newrer to that of the cesium salt 
than to that occupied by potassium selenate. 

It is evident, therefore, that change of atomic weight of the alkali metal 
is accompanied by a corresponding change in the magnitudes of the morpho- 
logical angles of the crystals, the progressive change of the former from 
potassium through rubidium to cesium, or vice versa, being invariably 
accompanied by a similarly progressive change in the latter. The morpho- 
logical angles are, therefore, a function of the atomic weight of the alkali 
metal, the function being such as produces a diminishing effect as the 
atomic weight rises higher and higher. 

A similar progressive change in the morphological angles according 
to atomic weight was observed, it will be remembered, in the sulphate 
series. As regards the actual difference between the angles of analo- 
gous salts of the two series, such difference rarely exceeds 20’, and is 
usually much less. 


Comparison of the Morphological Axial Ratios. 

The axial ratios found for the three salts were as under : 
a:b6:¢=0°5731:1:0°7319 
a:b:¢=0°5708: 1: 0°7386 
a:b6:¢=0°5700:1:0°7424 

The following facts are displayed : 

The morphological axial ratios for rubidium selenate ore intermediate 

between those for potassium and cesium selenates respectively. There is thus 
3M 2 
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a progression in the axial ratios corresponding to the progression in the 
atomic weight of the metal contained. 

The change is greatest for the ratio of c to b, and is likewise greater 
when potassium is replaced by rubidium than when the latter is replaced 
by cesium, tht is, becomes less marked as the atomic weight rises. 

Precisely similar relationships were established for the sulphates. 
It is interesting to observe that the replacement of sulphur by selenium 
is accompanied by only a very slight change in the ratio a/b, while ¢/b 
diminishes almost exactly by 0°0100. 


Comparison of the Predominating Habits. 


The three selenates are characterised broadly by the same differences 
of habit as were observed with regard to the sulphates. The brachy- 
pinacoid }{010} is characteristic of the potassium salt, the basal plane 
c{001} of the cesium salt, and the domal forms, bevelling both, of 
the rubidium salt. The crystals of potassium selenate are tabular 
parallel to 5, those of czsium selenate tabular parallel to c, and those 
of the rubidium salt are prismatic parallel to the intermediate brachy- 
domal forms. There is here observed a distinct progression in the 
zone [bq'c|, from b, through q’, toc. If the development of the macro- 
pinacoid a{100} is considered, it is extremely narrow, frequently a 
line, and often altogether absent, in the potassium salt ; it is a pro- 
minent form in the rubidium salt, and it forms the broad end of the 
modified rectangular block in the cesium salt, also a progressive de- 
velopment. Ayain considering the basal plane, it is either very narrow 
or absent in potassium selenate, usually present, and better developed, 
in the rubidium salt, and is the predominating form of cesium 
selenate. 

Hence, from whatever point of view the development of the primary 
faces is regarded, it is clear that 

The habits generally asswmed by the crystals of the three selenates 
respectively are considerably different in character, and the differences 
exhibited are of a distinctly progressive character, following the progressive 
change in the atomic weight of the metal. 


Cleavage. 


As stated by Topsée and Christiansen (Joc. cit.), the crystals of 
potassium selenate cleave parallel to the brachypinacoid 6{010} and 
the basal plane c{001}. These directions are identical with the 
cleavage planes of the three sulphates. This fact was confirmed on 
individual crystals during the course of this work, and it appears that 
the cleavage in the former direction is the more perfect of the two. 
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Rubidium selenate likewise afforded a good cleavage parallel to the 
brachypinacoid, and a less perfect one parallel to the basal plane. 
Identical results followed the investigation of the cesium salt for 
cleavage. Hence 

The directions of cleavage wre identical for the three selenates, and they 
are also identical with those of the analogous sulphates. They are parallel 
respectively to the brachypinacoid and the basal plane, and the cleavage 
along the former is the more perfect one. 


INVESTIGATION OF VOLUME RELATIONSHIPS. 
Relative Densities. 


On account of the highly hygroscopic nature of the selenates of 
potassium, rubidium, and cesium, precautions of an unusually thorough 
character were essential in order that the salts should be obtained 


absolutely anhydrous in the fine state of subdivision required for the 
determination of the densities. From the moment that the dry crys- 
tals, which had been previously stored in closed bottles within a desic- 
cator, were reduced to powder until the dried powder was safely 
transferred to the pyknometer and the latter sealed by means of its 
spring-pressed cap, the whole of the manipulative operations which 
involved the exposure of the salt to the air were performed in a specially 
constructed air-tight desiccating chamber, within which the author was 
able to perform all such operations from outside by inserting his hands 
in caoutchouc gloves provided for the purpose in two adjacent sides of 
the chamber. As this arrangement has proved highly successful in 


866 TUTTON: COMPARATIVE CRYSTALLOGRAPHICAL STUDY OF 


the case of the present investigation, it may be of use to other investi- 
gators to briefly describe the form of apparatus which the author finds 
most convenient. It is shown in Fig. 8. It consists of a box of hard 
mahogany, about one cubic foot in size. The top of the box and one 
of the sides are fitted with relatively large and hermetically sealed-in 
windows, a and 6, and a second side adjacent to that containing the 
fixed window is fitted with a removable one of similar size, c, which 
acts as the means of opening the chamber in order to place the re- 
quired articles within it. The glass is hermetically sealed in the frame, 
and upon the back of the latter, and also on the margin of the rect- 
angular aperture in the side of the box against which the frame fits, is 
cemented a thick pad of caoutchouc. The closing is effected by the 
ten bolts shown in the figure, and the caoutchouc pads render it very 
efficient. The bolting is a very simple matter, as the bolts themselves 
are fixed in the side of the box and the corresponding holes in the 
frame fit easily over them, the pressure produced by screwing on the 
winged nuts being ample to effect hermetic sealing. The two remain- 
ing sides, d and e, are fitted with circular apertures through which are 
inserted the caoutchouc gloves. Caoutchouc operating gloves lined with 
silk or other fine fabric answer best, as the lining is not only warmer 
to the hands but preserves the gloves from tearing when stretching ; 
the wrists of the gloves should also be fairly long. The sealing of the 
glove apertures is very simply effected by first cementing a caoutchouc 
annular pad round each aperture, on the outside of the box, then 
stretching the hose-like wrist of the glove well round a hard mahogany 
curtain-pole ring slightly larger than the wrist and sufficiently large 
to enable the hand to pass easily through it; these rings are then in 
each case clamped firmly against the pad round the aperture in the 
box side by means of a hard wooden plate, /, pierced by a similar aper- 
ture and padded with caoutchouc on the inner side, and bolts similar 
to those used for the removable window. By this device, the gloves 
can readily be renewed at any time. In order that the apparatus may 
also be employed for working in an indifferent atmosphere with sub- 
stances attacked by the ordinary atmospheric gases, two short brass 
tubuli, g, are fitted diagonally opposite each other in two non-adjacent 
sides of the chamber, for the entrance and exit of the indifferent gas 
with which the box is to be filled. These tubuli are closed by tightly 
fitting caoutchouc stoppers when not required. In order to use the 
apparatus, it is only necessary to place all the required articles inside 
over-night, along with one or two crystallising dishes containing con- 
centrated sulphuric acid to dry the atmosphere inside during the night, 
and then next morning to insert the; hand through the annular aper- 
tures into the gloves, and proceed with the operation. 

In order to prepare for the determination of the densities of the 
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salts under consideration, there were placed in the desiccating chamber 
over-night, or, usually for greater security, several days previously : 
the two closed bottles containing two crops of the crystals of the par- 
ticular salt under investigation ; an agate mortar and pestle; a sieve 
of platinum gauze ; one double and one single sheet of note paper, the 
larger one laid over the greater part of the floor of the chamber to 
retain projected particles of the expensive salt, and the smaller one 
folded in two and then opened again, for use in transferring the pow- 
der, after sifting, to the receptacle for it ; and, lastly, besides a few 
subsidiary accessories found useful and the desiccating vitriol, two 
glass tubes about six inches long and three-quarters wide each having 
a bulb of about 60 c.c. capacity blown at one end and fitted at the 
other open end with a solid stopper of caoutchouc. After allowing 
adequate time for the drying of the air in the chamber, the pow- 
dering and sifting were carried out within the chamber with the 
gloved hands as above described, and the powder from each crop of crys- 
tals was transferred to a separate bulb and the latter then closed with 
its stopper. Only sufficient salt was placed in each bulb for one deter- 
mination, each determination being thus carried out independently with 
a separate crop of crystals, but two such independent determinations 
were conveniently prepared for at the same time. 

The salt was thus obtained in a state of fine division, free from any 
attracted moisture, but it still retained the usual traces of mother 
liquor which had been enclosed in cavities. To remove this, it was 
heated to 150° ina current of dry air for 10 hours. This was effected 
by means of the following arrangement. One of the two bulbs con- 
taining the powder (the other being meanwhile stored in a desiccator), 
was suspended in an air bath heated to 150°. The closed caoutchouc 
stopper was replaced by a doubly bored cork, through one hole of which 
passed a tube reaching to just within the bulb, and bent above to con- 
nect to a series of pumice and sulphuric acid drying tubes, terminating 
in speed-measuring bulbs partly filled with sulphuric acid, to control 
the rapidity of the air current. The second hole of the cork carried 
an exit tube leading to another drying tube and a Woulfe’s bottle act- 
ing as safety reservoir and a water pump. Thecurrent of air was main- 
tained at a very slow rate, to ensure effectual drying in its passage 
through the U-tubes. The contents of the salt bulb were frequently 
agitated, in order to expose fresh surfaces. 

The thus effectively dried salt was then removed from the bath, 
stoppered with its closed stopper, and stored in a desiccator while 
its fellow was similarly treated. The pair were then placed in the 
special desiccating chamber along with the two pyknometers with their 
metal spring stands, the materials for transferring, and the desiccating 
vitriol ; the agate mortar was again included to enable a final crushing 
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to be given to the salt, which may have slightly caked during the 
heating. The transference of the contents of each bulb to a particular 
pyknometer was subsequently, after the interval of a day or two, 
effected by manipulating in the chamber as before. Thus the salt was 
obtained in the pyknometers without having once been in contact with 
ordinary moist air, The chamber was then opened and the pyknometers 
were removed to a desiccator until ready for weighing. 

The weighing of the pyknometers containing the salt, the covering 
of the latter with carbon tetrachloride and then the elimination 
of the included air, the complete filling with carbon tetrachloride 
and raising to a fixed temperature, 20°, together with the subse- 
quent weighing, were all carried out precisely as described in the 
communication concerning the sulphates (Joc. cit., p. 650) for the 
capped pyknometer method. 

The liquid employed was, as stated, carbon tetrachloride, and this 
liquid has been found as admirably suitable for the selenates as for 
the sulphates, there being no trace of action. Four determinations 
were made for each selenate with salt derived from different crops of 
crystals. The results are given in the accompanying table. The 
density of the carbon tetrachloride, and the weights of that liquid 
contained by the two pyknometers when full at 20°, were re-determined 
immediately before commencing the series, and the whole twelve deter. 
minations were then carried out in succession without any intervals 
other than those necessary for the drying operations previously 
described. 


Relative density of Potassiwm Selenate at 20°. 
Weight of salt employed. Sp. gr. at 20°/4°. 
5°2188 grams 
60426 _,, 
53471 
5°3227 _,, 


Mean 3:0657 


Relative density of Rubidium Selenate at 20°. 


Weight of salt employed. Sp. gr. at 20°/4°. 
5°9151 grams 3°8957 
6°4452 _,, 3°9007 
4°6954 ,, 3°8997 
50815 _,, 39018 


Mean 3:8005 
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Relative density of Casiwm Selenate at 20°. 
Weight of salt employed. Sp. gr. at 20°/4°. 
62565 grams 4°4521 
4‘7692 ,, 4°4564 
85228 ,, 4°4484 
95198 ,, 4°4543 


Mean 4°4528 


It will be observed that relatively large quantities of the salts were 
employed, and this fact, coupled with the great precautions employed 
in preventing access of moisture to the powder used in the determina- 
tions, render it highly probable that the mean numbers now given are 
very near the truth. Such slight differences as there may be between 
the results afforded by different crops of the same salt, above 0-001, 
which is the maximum error attributable to the operations, are un- 
doubtedly due to minute differences in the densities of the crystals 
belonging to such crops. 

Pettersson determined the densities of these three salts in the course 
of his well-known investigations between the years 1872 and 1876 
(Nova Acta R. Soc. Scient. Upsaliensis, series 3, 1873 and 1876). In 
the first of his two communications, he gives the results of his deter- 
minations of the densities of potassium and rubidium selenates. 
Quantities of potassium selenate varying from 1:2610 to 3°6442 grams 
at temperatures ranging from 18° to 21° yielded values from 3-074 to 
3077. Amounts of rubidium selenate ranging from 1°4954 to 1°7698 
grams afforded densities varying from 3°896 to 3-943. 

In his second memoir, Pettersson gives similar data for cesium 
selenate ; two quantities of 2°3455 and 2:°0025 grams respectively, at 
152° and 15:5°, gave densities of 4°31 and 4°34. From the fact that 
these values are slightly lower than the author’s, and those for rubidium 
selenate slightly higher, it would appear as if Pettersson’s specimen of 
the cesium salt contained an appreciable amount of rubidium, and his 
rubidium selenate more than a trace of cesium. 

The density of potassium selenate given by Topside is 3°052. The 
author’s value for this salt is thus about the mean of the values of 
Pettersson and Topsie respectively. 

In addition to the determinations with carbon tetrachloride, another 
series were carried out with turpentine, as in the case of the sulphates, 
with the view of subsequently determining the density at 60° with 
that liquid in order to ascertain whether expansion occurred with rise 
of temperature. As shown in the memoir concerning the sulphates 
(loc. cit., p. 654), such a mode of determining the expansion does not 
afford sufficiently accurate values of the coefficients of cubical expan- 
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sion for the purpose of instituting comparisons between the three salts, 
but if no action occurs between the liquid and the salt, it affords ample 
evidence of the expansion or contraction of the latter by change of 
temperature, knowledge which is particularly desirable in connection 
with the effect of temperature on the molecular optical constants. 

The question of the accurate determination of the coefficients of 
expansion;will therefore be deferred to a future communication, which 
will embrace also the expansion of the sulphates. 

Turpentine was found to exert an appreciable solvent action upon 
the selenates, more pronounced as the temperature rises, rendering the 
results for the densities too high. Hence they are discarded. They 
show, however, quite clearly that the salts expand with rise of tem- 
perature, but the amount of expansion indicated is not so great as 
would be the case if there were no action between liquid and salt 
accelerating with rise of temperature. The fact that expansion is 
proved is, however, ample for the purposes of the consideration of the 
molecular optical constants. 


Molecular Volumes. 


The molecular volumes J//d of the three selenates, calculated from 
the densities at 20°, are as given in the accompanying table : 
’ 220°8 Ns 
For K,800,... ..... ../d= 3 = 7202 
Difference 8°30 
= 80°32 


Difference 11°35 


313°2 


» Rb8e0,......... I/d= 


, The molecular volumes found by Pettersson were 71°91, 79°97, and 
94°6. The first agrees fairly with the value now given, but it,is evident 
that the value for rubidium selenate is somewhat too low and that for 
the cesium salt considerably too high, owing to the errors in the de- 
termination of the densities of those two salts, due probably to ad- 
mixture of cesium with the rubidium salt, and rubidium and possibly 
potassium with the cesium salt. The differences given by Pettersson 
are likewise correspondingly incorrect, 8°06 and 14°63. ’ 

Pettersson’s results for the corresponding sulphates were previously 
shown to be incorrect to an almost identical extent, from the same 
cause. Hence the difference observed by Pettersson between corres- 
ponding sulphates and selenates agrees with that observed by the author, 
namely 6°6, and it is satisfactory to be able to confirm Pettersson’s 
statement that the replacement of sulphur by selenium in these salts 
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is accompanied by an increase of molecular volume to about this 
extent. 

The molecular volumes found by the author for the sulphates (loc. 
cit., p. 656) were 65°33, 73°77, and 85°17, and the differences between 
these values and those of the corresponding selenates now given are 
respectively 6°69, 6°55, and 6°50. Although the mean difference is 
6°6, it is quite clear that the difference diminishes as the atomic weight 
of the metal rises, the replacement of sulphur by selenium being ap- 
preciably less and less effective in increasing the volume in the cases 
of the heavier rubidium and still heavier cesium molecules than in the 
case of the potassium salt. 

The difference between the volumes of the sulphates of potassium 
and rubidium was found to be 8-44, and that between the volumes of 
rubidium and cesium sulphates 11°40. The closeness of these num- 
bers to those now found for the selenates, 8°30 and 11°35, is very 
striking. The very slight disparity, however, is doubtless real, and of 
significance, for the replacement of a lighter by a heavier alkali metal 
is seen to be productive of a slightly less change in the heavier selenates 
than in the lighter sulphates, a result analogous to that just indicated 
for the replacement of sulphur by selenium in the cases of the molecules 
containing respectively heavier and lighter atoms of the different alkali 
metals. The two results thus unite in proving that the heavier the initial 
molecule the slighter is the change of volume produced by a given 
replacement. This important fact may be most clearly illustrated by 
the rubidium salts. Thus, if we consider rubidium sulphate, a certain 
increase of volume is produced by replacing the sulphur by selenium, 
but the amount of increase is not so great as when the sulphur in the 
lighter potassium sulphate is replaced by selenium ; and if we con- 
sider rubidium selenate, a definite increase of volume is produced by 
replacing the rubidium by cesium, but the amount of increase is not 
so large as if the rubidium in the lighter rubidium sulphate had been 
replaced by cesium. These differences in amounts of increase are 
very small, the order of the numbers being of the same character 
and the differences only occurring in the decimal fractions ; they are, 
however, real, and not due to experimental error. 

The main results of the investigation, as regards the densities and 
molecular volumes of the salts, may be summarised as follows. 

The relative density and molecular volume increase when a lighter is 
replaced by a heavier alkali metal, and the values for rubidium selenate 
are consequently intermediate between the values for the selenates of potas- 
stum and cesium respectively. 

The increase in density is greater when potassium is replaced by 
rubidium than when the latter is replaced by cesium, and the increase in 
molecular volume is, on the contrary, greatest when rubidium is replaced 
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by cesium, being 11:35, compared with 8°3 when potassium is replaced by 
rubidium. 

These rules are identical with those observed un the case of the sulphates 
of the same three metals, and the parallelism between the two series as 
regards density and molecular volume is very close. Jt is observed that 
the replacement of sulphur by selenium is accompanied by an increase 
of molecular volume of 6°5 to 6°7, the minimum amount corresponding to 
this change in cesium sulphate and the maximum to the same in potassium 
sulphate, the amount for the rubidium salt being intermediate ; the effect 
of the replacement consequently diminishes as th: weight of the initial 
molecule increases. It is also observed that the differences between the 
molecular volumes of the three selenates, although roughly the same, are, in 
reality, slightly less than the corresponding differences, 11-4 and 8°44, for 
the lighter sulphates. 

Hence a comparison of the results for the two series indicates that 
although there is a very close parallelism between them, yet that 
the effect of the replacement of either the metallic or acid-forming element is 
perceptibly less in the case of a heavier than in the case of a lighter initial 
molecule. 

Throughout all these changes, even with respect to the minute differences 
just referred to, the rubidium salt invariably behaves in an intermediate 
manner. 


Distance Ratios. 


The relative distances apart in the three rectangular directions of 
the centres of contiguous structural units, which, in all probability, 
are the chemical molecules R,SeO,, as shown in the previous communi- 
cation (Joc. cit., p. 524) have been calculated, as in the case of the cor- 
responding sulphates, from the formule : 


weer Wy q on 


The results are as follows : 


i : y .*' @ 

K,Se0,......3°1854 : 55581 : 40680 
Diff., 967 Diff., 1959 Diff., 1819 

Rb,SeO, ...3°2821 : 5°7540 : 4°2499 
Diff., 1412 Diff., 2519 Diff, 2089 

Cs,8eO, ...3°4233 : 60059 : 44588 
Total diff., 2379 Total diff.,4478 Total diff., 3908 


'"“hey may also be expressed more simply, by dividing out by y for 
K,SeO,, as follows. The values for the potassium salt are then iden- 
tical with the morphological axial ratios. 
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x > ow >: @ 
0°5731 1 0°7319 
Diff., 178 Diff., 352 Diff., 327 
Rb,SeO, ...0°5909 1:0352 0°7646 
Diff., 250 Diff., 454 Diff., 376 
Cs,SeO, ...0°6159 10806 0°8022 
Total diff. 428 Total diff., 806 Total diff., 703 


The following statement embodies the facts indicated by these 
ratios. 

The replacement of potassium by rubidium, and this alkali metal in 
turn by cesium, is accompanied in each case by a considerable increase in 
the separation of the centres of contiguous units of the homogeneous crystal 
structure, along the directions of each of the morphological axes. An 
increase in the atomic weight of the alkali metal is thus productive ef an 
extension of the structure in every direction, and the increase becomes 
relatively greater, the determining influence being a growing one, as the 
atomic weight rises. Hence the ultimate parts of the structure of the 
rubidium salt oceupy positions relatively intermediate between those for 
potassium and cesium selenates, but these intermediate positions are 
somewhat closer to those for the former than to those for the latter salt. 
The extension is greatest along the b axis, and much the least along the 
a axis. 

If the initial relative lengths of the axes are considered in making 
the comparison, it will be found that the extension along the ¢ axis is 
considerably the greatest in proportion to its length, that along the 
w axis being still the least. 

Similar conclusions were derived from the investigation of the 
sulphates. A comparison of the first series of ratios with those for the 
sulphates indicates that an extension of volume in all three directions 
occurs, as was to be expected, when sulphur is replaced by seleniwm. 


OpTIcAL INVESTIGATION. 


The optical portion of the investigation was carried out on precisely 
similar lines as in the case of the sulphates. The whole of the section 
plates and prisms employed were prepared, as described in the memoir 
concerning those salts, by means of the author’s accurate grinding 
goniometer, and all the measurements were carried out with the aid of 
the spectroscopic monochromatic light apparatus likewise therein 
referred to, The author now exclusively uses the electric arc as source 
of light, which enables slits of the most extreme fineness to be em- 
ployed, the monochromatic yellow light equivalent to that of sodium, 
for instance, being so truly monochromatic as to consist of rays whose 
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wave-lengths are within those of the two D lines. The steady Brockie- 
Pell projection lamp is used, mounted in a lantern of the best con- 
struction, provided with a triple-movement adjusting table for the 
lamp, a matter of very great convenience for centering purposes, as it 
is of considerable moment in determining refractive indices to maintain 
the light accurately concentrated by the condensers upon the slit of 
the monochromatic illuminator. The Brockie-Pell lamp, being self- 
centering, does this roughly itself, but it is of great advantage to be 
able to achieve it exactly. In order to avoid having to rise and 
approach the lantern, to do this during observations, a pulley gear has 
been arranged along an adjustable bar ; the bands pass at the lantern 
end of the bar round the three large milled heads of the adjusting 
table, which have been grooved for the purpose, and, after being di- 
verted by suitable guiding pulleys, pass round three similar grooved 
milled heads at the other end of the bar, adjustable in slots for the 
purpose of tightening the bands and arranged compactly over each 
other upon a small base-block which can be arranged to rest upon the 
supporting table of the observing instrument. The bar is pivoted at 
the lantern end on the base of the lantern, and the guiding pulleys 
are so arranged that the rotation of the bar about the pivot makes no 
difference to the tightness of the bands. Hence the terminal block of 
pulleys at the other end of the bar may be placed anywhere con- 
veniently within reach, and thus the electric arc may be accurately 
centred by the observer while observing, thus enabling him to actually 
see when the maximum illumination is attained. 

The whole arrangement, as used in connection with the most recent 
and accurate Fuess spectrometer (No. 14), is shown in the accompany- 
ing illustration. 

The crystals of the normal selenates of potassium, rubidium, and 
cesium resemble those of the corresponding sulphates in the feebleness 
of their double refraction, which necessitates the use of very thick 
section-plates in order to obtain adequately well defined interference 
figures in convergent polarised light. Particularly is this so in the 
case of cesium selenate, which has been found to be one of the most 
interesting of substances from an optical point of view, and from 
a cause of especial importance with regard to the object of this inves- 
tigation. 


Optical Properties of Potassium Selenate. 


The plane of the optic axes (optic binormals of Fletcher) is the macro- 
pinacoid a{100}. The first median line is the morphological axis c. 
The double refraction is positive. In these respects, the selenate of 
potassium resembles the sulphate. The amount of double refraction is 
likewise small, as in the case of the sulphate, a plate perpendicular to 
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either median line requiring to be at least 2 millimetres thick in order 
to afford sharp interference figures. 

The disposition of the axes of the optical indicatrix of Fletcher, or 
of its polar reciprocal, the optical velocity ellipsoid referred to in the 
memoir concerning the sulphates, is consequently as follows. 

The direction of the morphological axis 6 is that of the minimum axis 
a of the optical indicatrix, and that of the maximum axis y of the 
optical velocity ellipsoid. 

The direction of the morphological axis a is that of the intermediate 
axes 8 and } of the optical indicatrix and optical velocity ellipsoid 
respectively. 

The direction of the morphological axis ¢ is that of the maximum 
axis y of the optical indicatrix and that of the minimum axis ¢ of the 
optical velocity ellipsoid. 

Determinations of Refractive Indices.—The rapidity of deliquescence 
of the crystals of potassium selenate is not such as to interfere seriously 
with the preparation of prisms or section-plates, provided the first 
ground surface is protected from the moist atmosphere during the 
grinding of the second by being buried in the wax which cements the 
crystal to the holder of the grinding goniometer. As soon as both sur- 
faces were finished, in order to be preserved unattacked, they required 
to be furnished with miniature cover-glasses, cemented by a solution 
of hard balsam in benzene, the drying of which was allowed to occur 
ina large desiccator. The micro-cover glasses employed had been care- 
fully selected, being such as afforded single images of the signal slit ; 
they were subsequently cut up into small fragments of the approxi- 
mate size of the ground surfaces, which varied from 1 to 3 millimetres 
in width. Eight 60° prisms were employed, ground upon four excel- 
lent crystals of different crops, two complementary ones upon each, 
so orientated as to furnish together all three refractive indices, The 
crystals used were in all cases single individuals of the most perfect 
development, selected from the product of some scores of crops. 

The results of the measurements are set forth in the accompanying 
table. 

The intermediate index f, corrected to a vacuum (the correction 
being +0:0004), is accurately expressed for any wave-length A, as far 
as F, by the formula: 


497 699 , 77 344 000 000 
2 + v ee 


B=1°5250+ 


The a indices are also closely expressed by the formula if the constant 
15250 is diminished by 0°0038, and the y indices if the constant is 
increased by 0°0057. The @ values being thus nearer to the a than to 
the y indices, the statement that the double refraction is of positive 
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Determinations of Refractive Indices of Potassium Selenate. 


| 
| Nature of | Crystal 1, | Crystal 2, Crystal 3, | Crystal 4, 
light. 2 prisms. | 2 prisms. | 2 prisms. | 2 prisms. 


Mean 


Index. refractive 


a 15334 | 1°5323 | 1°5323 1°5320 
Vibrations 1°5357 1°5353 1°5352 1°5347 
parallel \ | 1°5389 1°5382 1°5382 1°5378 
to axis b, | 1°5428 15421 | 1°5420 1°5414 
1°5487 15476 | 1°5475 1°5472 


i | 15328 | 1°5318 15318 | 1°5316 


] 15363 | 15358 | 1:5356 | 1°5350 
B 15368 | 1°5363 | 1:5361 | 1°5355 
Vibrations } 15397 | 1°5391 | 1:5386 |, 175384 
parallel 15428 | 15492 | 1°5418 | 15414 
to axis a.’ | 1 ‘5467 1°5464 1°5456 1°5451 

15522 | 175520 | 15514 | 1°5511 


15420 | 1°5412 | 1°5412 1°5406 
| 15426 | 1°5417 1°5417 1°5410 

15454 | 1°5446 1°5444 1°5439 
1°5479 1°5476 1°5469 


E 
Vibrations 
parallel 1°5486 


to axis ¢, 1°5526- | 1°5518 | .1°5517 1°5510 
\ | 175584 1°5578 | 1°5576 
| | 


sign is confirmed. The total relatively small difference of 0°0093—0°0099 


1°5567 


between the minimum and maximum values for any wave-length, may 
be taken as the measure of the feebleness of the double refraction. 
Topsde and Christiansen give the following indices : 


a. B. Y: 
15323 15373 15422 
1:5402 15450 
15475 15523 

It will be observed that the agreement is fairly close for the a and y 
values, but that considerable difference is apparent between the author’s 
B values and those of Topsée and Christiansen. That the latter are incor- 
rect, is evident from the fact that they are slightly nearer to the y 
than to the a values, a relation which neither corresponds to the indu- 
bitable positive double refraction, as proved by the quarter undulation 
mica test, nor to the disposition of the first median line, which is parallel 
to the y direction of vibration and not to the a, nor does it agree with an 
optic axial angle of 76°, an angular value in which both the author and 
the Danish observers concur. 

Alteration of Refraction by Increase of Temperatwre.—The refraction 
determinations of two of the prisms were repeated at 100°, and the 
results are afforded in the accompanying table. The most recent and 
altogether admirable form of heating apparatus supplied by Fuess, 
with the large spectrometer No. 14, was employed. 

VOL, LXXI. 3.N 
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Refractive Indices of Potassium Selenaie at 100° C. 


Diminution from 
values at ordinary 
Index. Nature of Light. Indices at 100°. temperature. 


Li 15276 0:0044 
C 15281 44 
a me 
Vibrations parallel 4 renin yo 
to axis b. 1°5378 43 
15440 38 


15307 50 
15312 50 

as a 1:5340 50 
Vibrations parallel 1°5371 50 
to axis a. 15411 49 
15469 48 


15353 60 
15358 60 


Y 1:538 5 
Vibrations parallel | raved © 


to axis c. 15458 60 
15520 56 


The effect of this rise of temperature, from 16—19° to 100°, is thus 
observed to be a diminution in refractive power, the amount of lower- 
ing of the indices being 00038 to 0:0060, varying slightly according 
to the wave-length, and more considerably according to the direction 
of vibration. The amount of diminution increases with the actual value 
of the refractive index, in other words, with the length of the axis of 
the optical indicatrix, being much the most considerable for the direc- 
tion of the major axis A, which is identical with the morphological axis c. 
Further, the double refraction diminishes, from 0:0096 at the ordinary 
temperature to 0°0077 at 100°. The order of the indices and the sign 
of double refraction are unaltered. ; 

Axes of the Optical Indicatria and of the Optical Velocity Ellipsoid.— 
A concise expression of the optical character in different directions is 
afforded by optical ratios of the nature of those given and fully 
described in the author’s previous memoirs, termed axial ratios of the 
optical velocity ellipsoid. For the sake of uniformity and facility of 
comparison, similarly calculated axial ratios of the same reference 
ellipsoid are now given for the selenates. As, however, the recent 
important conception of Fletcher of the “ optical indicatrix” is at 
once simple and fully adequate to express mathematically all the com- 
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plex optical phenomena of crystals, the optical indicatrix will first be 
employed as the reference ellipsoid. This ellipsoid is the polar recipro- 
cal of the optical velocity ellipsoid. The axes of the optical indicatrix 
may be correctly considered as expressed by the refractive indices 
themselves, but for facility of comparison of the relative lengths of the 
axes it is convenient to take the length of one axis as unity, by divid- 
ing out by the corresponding value of the refractive index for that 
direction. The order of the morphological axes will therefore be taken, 
and the value for the 6 axis considered as unity. The axes of the 
indicatrix are a, 8, and y, corresponding to the refractive indices, and 
necessarily a<cB<y. The axes of the reciprocal optical ellipsoid are 
labelled u, b, c, and it follows that y>b>r. 
The values for potassium selenate are as follows : 


Axes of Optical Indicatriz. 
B. , 7: 
At the ordinary temperature, a:b :c=1-:0025:1: 1:0061 
At 100°, ,:6:e=1°0020: 1: 1:0050 
Axes of Optical Velocity Ellipsoid. 
b. a. ft. 
At the ordinary temperature, a: 6 :c=0°9975: 1 : 09939 
At 100°, :b: c=0°9980 : 1 : 0°9950 


The much greater effect produced by rise of temperature upon the 
refraction along the direction c, and the simultaneous diminution in 
double refraction, are clearly shown by these ratios. 

Molecular Optical Constants.—These constants have been calculated 
from the foregoing refraction data and the densities, with the aid of 
both the Lorenz and the Gladstone and Dale formule. They are as 
follows : 


Morphological axis. a b ¢ 


n-1 (© 01018 01012 01027 
(n? + 2)d L(G 0°1042 0°1036 0°1052 
. ne — he (C2248 22°35 22°67 
Molecular eetenction, 5s: =m 1@2302 22°88 98-99 
Specific dispersion, 1g — 1 00024 0°0024 0°0025 


Molecular dispersion, mg — mc 0°54 0°53 0°55 
Molecular refraction, “s ly C 38°65 38°38 39-05 


Specific refraction, 


Measurements of Optic Axial Angle.—Four pairs of section-plates were 
prepared with the aid of the grinding goniometer. They were of con- 
siderable thickness, averaging about 2° millimetres, in order to afford 
well-defined interference figures. In the cases of the first and second 
pairs, the sections perpendicular to the first and second median lines 


3N 2 
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respectively were ground upon one and the same crystal in each case ; 
the individual sections of the third and fourth pairs were ground upon 
different crystals, but those of each pair belonged to the same crop. 
Section 2 did not permit of a satisfactory determination of the ex- 
tremely large angle in air, being narrow in the direction concerned. 
The crystals employed in every case were single, well-formed individuals, 
the selected product of very numerous crops. 


Determination of Apparent Angle in Atr of Potassium Selen te. 


Nature of Light. 
Li 
C 
Na 
Tl 
F 


Section 1. 
145° 20’ 
145 40 
147 10 
149 25 
151 10 


Section 3. 
145° 25’ 
145 45 
147 18 
149 0O 
151 0O 


Section 4. 


144° 50’ 
145 3 
146 10 
147 23 
148 30 


Mean 2E. 
145° 12’ 
145 29 
146 53 
148 36 
150 13 


Determination of true Optic Axial Angle of Potassiwm Selenate. 


Nature of 
Light. 


No. of | 
section | 
perp. 1st 
median 


2Ha. 


Observed 
values of 


No. of 
section 
perp. 2nd 
median 


Observed 
values of 
2Ho. 


Calculated 
values of 


2Va. 


line. line. 


| 


* 20’ 93° 31’ 
27 
40 
14 


76° 40’ 


m CO DO 


16 
2t 
35 
10 


& Cob 


4 
15 
22 
55 


42 
0 
5 

40 


OO bo 


24 
45 
45 
25 


ee 
wm CO Do 


OD 


The measurements of 2Ha and 2Ho were carried out in monobromo- 
naphtialene, and those for each pair of sections were completed at the 
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same sitting, using the same cell of liquid, so as to avoid error on 
account of any possible difference of refraction of the latter during the 
two series. 

The sign of double refraction indicated by the quarter undulation 
mica plate was positive, a result confirmative of that derived from the 
refraction measurements. 

Effect of Rise of Temperature on the Optic Axial Angle.—Owing to 
the extremely large angle, this is difficult to determine, but repeated ob- 
servations at 120° with the best of the sections perpendicular to the 
first median line indicated that any change of 2E is extremely slight, 
the actual measurements indicating in the mean a slight increase not 
exceeding 2° for 100° rise of temperature. This is in accordance with 
the refraction observations at 100°, the indications of which are most 
clearly shown by the axial ratios of the optical indicatrix ; the altered 
values of those axial ratios for 100° bear the same relations to each 
other as do the original values for the ordinary temperature, 61 being 
to 50 approximately as 25 to 20, and it is, of course, these relations, 
the relative distances of the intermediate from the extreme values, 
which determine the amount of separation of the optic axes. 


Optical Properties of Rubidium Selenate. 


The plane of the optic axes (optic binormals of Fletcher) is the macro- 
pinacoid a{100}. The first median line is the morphological axis c. 
The double refraction is positive. It is thus optically similar to potas- 
sium selenate. The double refraction, as in the case of the latter salt, is 
very feeble, and consequently section-plates perpendicular to the median 
lines require to be thick in order to afford well-defined interference 
figures in convergent polarised light. A thickness of about 3 milli- 
metres is most suitable. 

The disposition of the axes of the optical indicatrix, or of the optical 
velocity ellipsoid, is therefore as follows : 

The direction of the morphological axis } is that of the minimum 
axis a of the optical indicatrix, and that of the maximum axis y of the 
optical velocity ellipsoid. 

The direction of the morphological axis a is that of the intermediate 
axis 8 of the optical indicatrix, and that of the intermediate axis b of 
the optical velocity ellipsoid. 

The direction of the morphological axis ¢ is that of the maximum 
axis y of the optical indicatrix, and that of the minimum axis ¢ of the 
optical velocity ellipsoid. 

Determinations of Refractive Indices.—The rapidity of deliquescence 
was not found to be sufficiently great to offer much difficulty in the 
preparation of suitable prisms. By taking the following precautions, 
excellent ones were eventually obtained. These precautions consisted in 
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the liberal use of oil upon the grinding disc during the actual operation 
of grinding, the exercise of such celerity as was compatible with 
accuracy during the adjustment of the crystal upon the grinding in- 
strument, the removal of the wax from the crystal entirely by immersion 
in benzene after cutting off from the holder the end part of the wax 
in which the crystal was embedded, the painting of the first ground 
surface with balsam solution or the embedding of it in the wax while 
grinding the second surface, and the immediate cementing of thin, 
parallel sided, and truly plane cover-glasses to the surfaces after their 
final cleansing in benzene. They were allowed to stand some hours 
in desiccators before being employed for the determinations of refractive 
index, until the cementing balsam solution had sufficiently hardened to 
be incapable of permitting movement of the cover-glasses during the 
observations. Hight 60° prisms were employed, ground out of six 
different crystals, a complementary pair of prisms being ground upon 
the first and fifth of these crystals, and one prism upon each of the 
rest. Itisnaturally more difficult with deliquescent substances to pre- 
pare two prisms upon the same crystal, and this was only achieved in the 
two instances specified, the natural reference faces of the crystal being 
found deteriorated after completion of the measurements in the 
other cases. Every prism was ground soas to afford directly two 
indices, as usual throughout this work. 

The results of the measurements are given in the accompanying 
table : 


Determinations or Refractive Indices of Rubidium Selenate. 


| 
lia ie te | Crystal 1, | Crystal 2 J crystals, Crystal 4, | Crystal 5, ba rystal 6 


| light. 2 prisms. 


| Mean 
1 prism. | 1 prism. | 1 prism. | 2 prisms. | 1 prism. ees 


| | 
Li 5488 “= 1°5479 1°5479 | 1°5483 
a 5492 — | 15485 1°5485 | 1°5487 
Vibrations é 5519 | 1°5512 1°5512 1°5517 
parallel ; 5550 | 1°5542 15546 | 1°5551 
toaxis D. 5 1°5580 1°5585 | 1°5589 
( -— 15638 1°5644 | 1°5649 


| 
: 
| 
| 


1°5497 ‘ 1°5498 1°5506 

B 1°5503 : 1°5503 1°5510 
Vibrations f , "BBE 1°5529 4 1°5532 1°5536 
parallel . "557 1°5562 : 1°5565 | 1°5570 
to axis a. 5 1°5598 * 1°5605 1°5610 


} 
| | 1°5658 ‘ 1°5665 1°5670 
| | i : "BBB ‘ 1°5545 
Y . 1°5550 
Vibrations) | “Sian Oe, | 1°557 , 1°5580 
parallel | : "56 : 1°5614 
to axis c. 1°5658 ‘ : 1°5653 
| 1°5717 ‘ 1°5712 
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The intermediate index of refraction 8, corrected to a vacuum, is 
accurately expressed for any wave-length as far nearly as F of the 
spectrum by the formula: 


349 880 - 2 917 500 000 000 
i x 


B=1:5416+ + 

The a indices are likewise closely reproduced by the formula if the 
constant 15416 is diminished by 0:0022, and the y indices if the 
constant is increased by 0°0045. The fact that the former is the 
smaller difference determines that the double refraction is, as stated 
at the head of the paragraph concerning th: optics of this salt, positive ; 
and the relatively slight difference of 0:0067—0°0069 between the 
extreme values, for any specific wave-length affords the measure of the 
feebleness of the double refraction. 

Alteration of Refraction by Increase of Temperature.—Two additional 
prisms were prepared from the two halves of one and the same crystal, 
which was broken for the purpose ; it was considered inadvisable to 
use the crystal unbroken, as the first heating of a crystal invariably 
very slightly alters the optical properties, and so the prism employed 
second, which would have been subjected to a previous heating, would 
not be likely to afford the most trustworthy results. The two prisms 
were provided with cover-glasses, to preserve the surfaces from the 
moisture of the atmosphere, but the minimum of balsam solution was 
employed in their cementing. If this precaution is taken, it is found 
possible to maintain the prisms at 100° for an ample duration of time 
to enable trustworthy determinations of minimum deviation and the 
prism angle to be obtained for five wave-lengths ; repeated successive 
determinations of the prism angle under the circumstances show no 
change. One prism afforded the indices a and £, and the other B and y. 
The two values of 8 thus obtained for 100° were practically identical. 
The following table exhibits the results of the determinations at 
100°: 


Refractive Indices a7 Rubidium Selenate at 100°. 


Diminution from 
Nature of Indices at values at ordinary 
light. 100°. temperature. 


ae” 1°5450 00032 

a | © 1°5455 32 
Vibrations parallel Na 1°5478 37 
to axis 6. | Ti 15509 38 

| F 15546 40 
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Diminution from 
Nature of Indices at values at ordinary 
Index. 100°, temperatures. 


B 1:5469 35 
Vibrations parallel 15474 35 
to axis a. 15497 40 
1°5527 43 

1°5564 45 


15501 48 

Y 15506 48 

Vibrations parallel Na 15529 53 

to axis c. zx. 15560 55 

F 15597 58 
The result of heating the crystals of rubidium selenate from the 
ordinary temperature (16—19°) to 100° is thus seen to be a diminution 
of refractive power to the extent of 0°0032 to 0-:0058 according to the 
index and wave-length chosen for comparison. It willalso be observed 
that the amount of diminution increases as the wave-length diminishes, 
and also increases at a rapidly growing rate from a to y, that is, as the 
absolute value of the refractive index increases, or, in other words, as the 
length of the axis of the optical indicatrix increases, the change being 
far away the largest for y, corresponding to vibrations parallel to the 
axis c. Further, the double refraction also diminishes, the difference 
between a and y for Na light being 0°0067 at the ordinary tempera- 
ture, and only 0-0051 at 100°; and finally, the dispersion slightly 
diminishes, the amount between Li and F being 0°0104—0-0106 at 
the ordinary temperature, and only 0:0095—0°0096 at 100°. The 
order and disposition of the indices and the sign of the double refraction 

remain unaltered. 


Axes of Optical Indicatriz and of Optical Velocity Ellipsoid. 


The relative lengths of the axes of the optical indicatrix, arranged 
in the order of the morphological axes, with whose directions they 
coincide, and calculated as described for the potassium salt, taking the 
length along the axis } as unity, are as follows. 


B a Y 
. 2:6:c=1:°0014:1:1-0043. 
a:6:c=1:0012:1:1-0033. 
The axes of the optical velocity ellipsoid, the polar reciprocal of the 


indicatrix, are as under : 
b a t 
a:b6:¢=0°9986 : 1 :0°9957. 
a:b6:e=0°9988 : 1: 0°9967. 


The much greater effect of rise of temperature upon the refraction 
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along the direction of the morphological axis c, and the diminution in 
double refraction brought about by the same cause, are very clearly 
exhibited by these ratios. 

Molecular Optical Constants.—The following are the values of these 
constants, derived, by use of the formula of Lorenz, and of Gladstone 
and Dale, from the refractive indices and the densities previously 
given in this communication : 


Morphological axis. a, b, C, 
n? —1 7 00819 00816 0:0825 
(+2) 1G 00838 0°0835 00844 


Specific refraction, 


Molecular refraction w-1e, {C 25°64 25°56 25°83 
a n+ 2d (G 2625 2616 26°42 
Specific dispersion, ng_ MN 00019 00019 00019 
Molecular dispersion, mg_-1m 0°61 0°61 0°59 
Molecular refraction, = i C 44°28 44°10 44°64 


c 


Measurements of Optic Axial Angle.—Four pairs of section-plates 
wore employed in these measurements, all of them being of consider- 
able thickness, varying from 2 to 3 millimetres; this is imperative 
in order to obtain well-defined interference figures showing very 
small inner rings round narrow and sharp hyperbolic axial brushes, on 
account of the very feeble double refraction. Each pair of sections 
were prepared on one and the same crystal, so that the calculated 
2Va derived from each particular pair represents the actual true 
optic axial angle in that individual crystal. The results derived from 
the four crystals proved to be very close to each other. The plates 
perpendicular to the first median line were in every case prepared by 
grinding two surfaces parallel to the basal plane c{001}, and those 
perpendicular to the second median line were in some cases formed 
by the natural faces of the brachypinacoid 4/010}, and in others were 
prepared by grinding two surfaces parallel to the direction of the 
brachypinacoid. Large crystals had naturally to be selected for the 
purpose, and fortunately suitable crystals with large development 
parallel to the brachypinacoid, and yet of ample thickness, are readily 
obtainable. Crystal 1, crystals 2 and 3, and crystal 4, belonged to 
three distinct crops. 


Determination of Apparent Angle in Air of Rubidiwm Selenate, 
Nature of 

light. Section 1. Section 2. Section3. Section 4. Mean 2. 
Li 120°10 3=121°% 119° 15’ 120° 50’ 120° 25 
C 120 20 121 119 25 120 5 120 & 
Na 121 3 122 120 11 122 121 20 
Tl 121 48 122 2 12] 123 122 3 
F 122 40 122 121 : 123 5i 122 49 


886 TUTTON: COMPARATIVE CRYSTALLOGRAPHICAL STUDY OF 


Determination of true Optic Axial Angle of Rubidium Selenate. 


No. of | No. of 
re section Observed section Observed | Calculated — 
licht perp. 1st | values of | perp. 2nd | values of | values of 2Va 
aa median | 2Ha. | median 2Ho. 2Va. j 
line. | line 


101° 14’ | 69° 18" 
100 48 57 i 
101 3 4g (, 98° 56 
101 33 40 


101 9 17 
100 41 
100 55 
101 27 


100 55 
100 12 
100 31 
4a 101 #1 


la 100 29 
2a 99 52 
8a 100 #1 
4a 100 


la 100 

2Qa 99 

3a 99 

4a 99 
| 


The immersion liquid employed for the measurements of 2Ha and 
2Ho was monobromonaphthalene. The two series of measurements 
in this liquid were carried out in immediate succession, at the same 
sitting, using the same cell of liquid, in order to avoid all errors 
due to a difference in the refractive power of the liquid on the two 
occasions. 

The dispersion indicated by the calculated values of 2Va for the 
various wave-lengths will be observed to be very slight, so slight, 
indeed, that a small error in the determinations of 2Ha and 2Ho 
would be capable of reversing the sign. The fact that all four crystals 
indicate the same order of dispersion is probably sufficient proof of its 
accuracy. In order, however, to confirm it, search was made for a 
liquid possessing the same refractive power as the crystal, in order 
that, by immersion therein, the optic axes might be observed separated 
at their true angle, and the true dispersion might thus be actually 
demonstrated. Rectified oil of anis answers the purpose admirably, 
its refractive index for sodium light being 1°554, almost exactly the 
mean refractive index of the crystal for light of the same nature. 
Section 4 was, therefore, immersed in pure oil of anis, and examined 
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first in white light, when it was observed that the beautifully defined 
hyperbolic brushes were faintly, but distinctly, coloured red inside and 
blue outside, indicating a larger true angle of the optic axes for red 
than for blue, and that the difference for the two ends of the spectrum 
was but small. Subsequent careful measurements for the bright C 
and Tl light afforded 68° 36’ as the angle for ©, and 68° 32’ for T!, 
exactly the same order and amount of dispersion as is indicated by the 
mean of the calculated values. That the indications thus obtained 
are trustworthy is apparent from the fact that the angle observed in 
the oil of anis is very near the calculated true value, differing from 
the latter only by 20’; for this proves the nearness of the refractive 
powers of the oil and the crystal, and consequently also the suitability 
of the former for a confirmatory experiment of this description. 
Hence there can be no doubt that the order of dispersion is p>v. 

The positive nature of the double refraction was confirmed by the 
quarter undulation mica test. 

Effect of Rise of Temperature on the Optic Axial Angle.—Section 4 was 
heated to 115°, and the apparent angle in air measured at this tem- 
perature. It was found to be 128° 10’ for sodium light, the dispersion 
for other wave-lengths remaining about the same as at the ordinary 
temperature. Hence 2E increases 6° for 100° rise of temperature. 
After cooling again to the ordinary temperature, the angle was found 
to be 122° 25’, or 20’ larger than when previously measured at the 
ordinary temperature, indicating that the heating to so high a tem- 
perature as 115° induces a permanent increase of the optic axial angle, 

The above fact, that the optic axial angle becomes greater as the 
temperature of the crystal is raised, is in complete conformity with 
the results of the measurements of the refraction at 100°; for the 
greater reducing effect upon the c axis, referred to in the consideration 
of those results, has the effect of causing a relatively closer approxi- 
mation of the refraction for this axis, which corresponds to the y index, 
to that for the a axis, corresponding to the f value, and while in- 
sufficient to bring these two indices, y and f£, as near together as the 
a and £ values, beyond which a change of sign of the double refraction 
would occur, together with a reversal of the median lines, it is still 
sufficient to materially increase the optic axial angle, as is actually 
found to be the case. 


Optical Properties of Casium Selenate. 


Cesium selenate is a salt whose crystals are endowed with exception- 
ally interesting optical properties. So different is it in many respects 
from its rubidium and potassium analogues, that it would appear at 
first to possess little in common with them. The plane of its optic axes 
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is different, namely, the basal plane c{001}. The first median line is 
the morphological axis 6. The double refraction, moreover, is reversed, 
being negative ; and it is so extraordinarily feeble that a section-plate 
no less than six millimetres thick is necessary in order to generate 
well-defined interference figures in convergent polarised light. 

The arrangement of the axes of the optical indicatrix and of the 
optical velocity ellipsoid, at the ordinary temperature, is as follows : 

The direction of the morphological axis } is that of the minimum 
axis a of the optical indicatrix, and that of the maximum axis x of the 
optical velocity ellipsoid. 

The direction of the morphological axis ¢ is that of the intermediate 
axis 8 of the optical indicatrix, and that of the intermediate axis b of 
the optical velocity ellipsoid. 

The direction of the morphological axis a is that of the maximum 
axis y of the optical indicatrix, and that of the minimum axis ¢ of the 
optical velocity ellipsoid. 

Determinations of Refractive Indices.—The crystals of cesium selenate 
are so extremely deliquescent that somewhat formidable difficulties 
were experienced in manipulating them. Unless efficiently protected 
by a coating of balsam or varnish, a freshly made prism will rapidly 
proceed to dissolve in moisture attracted from the atmosphere, and 
become replaced upon the crystal holder by a globule of solution. By 
taking advantage, however, of a prolonged spell of fine, dry, cold 
weather, and employing all the precautions enumerated in the descrip- 
tion of the work on rubidium selenate, using somewhat larger crystais 
than usual, which can readily be grown of great perfection, nine 
suitable prisms were eventually obtained. The ground surfaces were 
in each case protected by cover-glasses cemented with the minimum 
quantity of balsam, and the whole of the exposed part of the crystal 
was coated with balsam solution, which was allowed to harden by 
placing the crystal, cemented by hard optician’s wax upon its holder, 
for 24 hours within a spacious desiccator. It was then found possible 
to carry out the measurements of. the prism angle and minimum 
deviation with the usual deliberation, no deliquescence being possible 
for at least the space of an hour after removal from the desiccator. 

The results of the measurements are given in the accompanying 
table. Crystal 5 was a large individual which was broken into two 
halves, and a prism ground upon each half, in complementary di- 
rections. It was only found possible to grind one prism on each of the 
other crystals, which were unsuitable for breaking, being as broad as 
long, on account of deterioration of the natural reference faces by 
deliquescence ; but the results given in the first three columns were 
obtained with pairs of similar crystals selected from the same crop, 
and marked 1 and la, 2 and 2a, and 3 and 3a, as the refraction of 
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Determinations of Refractive Indices of Casium Selenate. 


Index. 


a 
Vibrations 
parallel 
to axis Db. 


Vibrations } 
parallel | 
to axis ¢. | 


Crystals 
1 and la, 
2 prisms. 


1°5951 
1°5956 
1°5988 
1°6026 
1°6071 
1°6139 


1°5958 
1°5963 
15997 
1°6033 
1°6080 
1°6148 


Crystals 
2 and 2a, 
2 prisms 


1°5949 
1°5954 
1°5987 
1°6022 
1°6068 


1°6135 


1°5959 
1°5964 
1°5995 


1°6030 | 


1°6076 
1°6145 


Crystals 
8 and 3a, 
| 2 prisms. 
} 


1°5948 
1°5953 
1°5987 
1°6022 
1°6067 


16135 | 


1°5957 


1°5962 | 


1°5995 
1°6031 
1°6076 
1°6144 


| 


Crystal 4, 
1 prism. 


Crystal 5, 
2 prisms. 


Mean 
refractive 


1°5953 
1°5958 
1°5993 
1°6028 
1°6073 
1°6141 


1°5962 
1°5967 
1°6003 
1°6038 
1°6083 
1°6150 


1°5961 | 
1°5966 

1°5999 | 
1°6034 | 
1°6079 | 
1°6147 | 


1°5967 
1°5972 
1°6007 
1°6042 
1°6087 
1°6155 


1°5961 
15966 
1°6001 
1-6038 
16084 
16152 | 

| 


1°5963 
1°5968 
1°5998 
1°6035 
1°6081 
1°6149 


Y 
Vibrations 
parallel | 


to axis a. 


1°6156 


crystals belonging to one and the same crop is usually found to be 
practically identical, as was actually observed in the cases now under 
consideration. 

Upon investigating the prisms, it was at once seen that the character 
of the refraction was quite different to that of the two salts previously 
described. The directions of the 8 and y vibrations are reversed, and 
the two images of the signal afforded by each of the prisms lay extra- 
ordinarily near to each other, indicating extremely feeble double 
refraction. Great care was taken to be quite certain of the orientation 
of each of the prisms during its preparation, two or three zones on the 
crystal being first measured on the goniometer of the grinding instru- 
ment in order to know exactly the orientation of the various faces, 
this being essential as several of the zones are so similar, and cesium 
selenate grows in numerous kinds of habits besides the prevailing one, 
often with the faces of secondary importance unduly developed. Hence 
there is absolutely no doubt about the peculiar disposition of the axes 
of the optical ellipsoid. The directions of vibration of four of the 
prisms were parallel to the axes a and c, and each of these prisms 
exhibited a pair of images so close together as to overlap and appear 
by non-polarised monochromatic light as a single image rather broader 
than usual. Upon introducing the nicol in front of the eye-piece, it 
was observed that the apparent single image was indeed two images, 
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one extinguishing at 0° and the other at 90° of the nicol. The separa- 
tion of the two was only between two and three minutes of are. Moreover, 
the separation of the images afforded by prisms whose directions of 
vibration were parallel to the axes 6 and ¢ was only between four and 
five minutes of arc, and that of the images corresponding to vibrations 
along a and 6, the most widely different in velocity, affording respec- 
tively the indices y and a, less than eight minutes. This maximum 
difference corresponds, as is shown by the table, to a difference between 
a and y of only 0:0014, an exceptionally small amount of double 
refraction. 

The intermediate index of refraction 8, corrected to a vacuum, is 
accurately represented by the following formula from the extreme red 
to beyond Tl green. 

792 056 3514 600 000 000 


B=1-5804 + —3— - x + 


The a indices are equally well re-produced by the formula if the con- 
stant 1:5804 is diminished by 0-0010, and the y indices if it is increased 
by 0°0004, The fact of the latter number being the smaller of the 
two is in accordance with the previous statement that the sign of 
double refraction of cesium selenate is negative, differing in this 


respect from its rubidium and potassium analogues. 

Alteration of Refraction by Increase of Temperature.—Four excellent 
prisms were employed for determinations of refraction at 100°, and 
extremely interesting and exceptional phenomena observed with 
them. Two afforded vibrations parallel to the axes a and c, one gave 
vibrations parallel @ and 6, and another vibrations parallel } and c. 
Those whose directions were parallel to a and c, the images corresponding 
to which two directions are only separated by 2—3’ at the ordinary 
temperature, showed a gradually increasing separation of the two images 
as the temperature rose. At 55°, it was 6’, and at 100° it had attained 
8’, corresponding to a difference of 00014 in refractive index. At the 
same time, the minimum deviation of each had largely decreased. The 
one affording vibrations parallel a and 6 showed a slight decrease in 
the amount of separation of the two images at 100° compared with 
their relations at the ordinary temperature ; both images, however, 
moved considerably nearer to the direction of the incident ray. The 
phenomena exhibited by the cther prism whose vibration directions 
were parallel 6 and c were particularly interesting. At the ordinary 
temperature, the separation of the two images was 4—5’, and the 
image corresponding to 6 was nearest the incident ray, in accordance 
with the fact of its affording the a index. Upon heating, the images 
moved bodily nearer to the incident ray and also at the same time 
nearer to each other, until at 80—90° they coincided with each other ; 
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on continuing the heating, they passed each other, and at 100° they 
were separated by about 2’, with the image corresponding to c now 
nearest to the direction of the incident ray. Hence the effect of rais- 
ing the temperature to 100° is to diminish the general refraction 
and to reverse the relations of the refractions along the } and c 
axes ; at an intermediate temperature in the neighbourhood of 90°, the 
refractions along these two axes are identical, or, in other words, at 
this temperature the crystal exhibits uniaxial optical properties. The 
actual values of the refractive indices at 100° derived from the four 
prisms are given in the accompanying table : 


Refractive Indices of Casiwm Selenate at 100°. 


Diminution from 
values along same 
Index. Nature of light Indices at 100°. axis at ord. temp. 
Li 15899 
a lc 15904 
Vibrations parallel to (N 15939 


1°6021 
15901 


a 
axis ¢. 1°5975 
F 
Li 


Vibrations parallel to 
axis 6. 


Y 
Vibrations parallel to 
axis a. 


The actual amount of the diminution of refraction on raising the 
temperature of the crystal to 100° is thus seen to vary from 0°0047 to 
0:0061, according to the axis and wave-length chosen for comparison. 
The amount of the diminution, however, does not vary as the absolute 
value of the refractive index, as in the potassium and rubidium salts, 
the order of the morphological axes to which the indices correspond 
being different in the cesium salt; but, which is a most significant 
fact, the amount varies precisely similarly to what it does in those 
salts with respect to the morphological axes, and therefore with respect 
to the axes of the optical indicatrix with which the former axes are, 
in accordance with rhombic symmetry, identical. The least amount 
corresponds to the axis b, the next, and not very much larger amount, 
corresponds to the axis a, while the largest, and by much the largest, 
amount corresponds to the axis c. It is precisely this more rapid rate 


892 TUTTON: COMPARATIVE CRYSTALLOGRAPHICAL STUDY OF 


of change in the velocity of vibration along the ¢ axis which produces 
its remarkable approach to the value along the 6 axis, the fact of its 
attaining equality with the latter, and its subsequent overstepping 
thereof with the interesting attendant consequences. One of these 
consequences is that the negative double refraction of the ordinary 
temperature becomes reversed to positive, the a and f values being 
closest at 100°. As regards the amount of the double refraction, this 
attains a minimum at the temperature (90°) at which the crystal 
becomes pseudo-uniaxial, being then less by about 00002 than at the 
ordinary temperature; beyond this, it again increases owing to the 
rapidly diminishing ¢ index, until at 100° it is again equal to the 
amount of double refraction at the ordinary temperature, 0-0014, 
beyond which it will doubtless continue to increase. 


Azes of Optical Indicatrix and of Optical Velocity Ellipsoid. 


The axes of the optical indicatrix, calculated as described for the 
potassium salt, are given below: 


y @ B 
At the ordinary temperature .... a:b:c=1:0009:1:1:0006. 


¥ B a 
At 100° a:b:c=1:0008 : 1: 0°9999. 
The axes of the optical velocity ellipsoid are as under : 

£ v b 


At the ordinary temperature a:b:c=0°9991:1:0°9994. 
b x 


£ 
At 100° a:b6:c=0°9992:1:1°0001. 


These ratios show very clearly the reversal of the a and # indices 
and of the y and } velocities by raising the temperature to 100°, and 
the numerical extent of the change both as regards this phenomenon 
and as regards the double refraction ; the relatively much larger change 
along the axis c is strikingly apparent. 

Molecular Optical Constants.—These constants are given in the accom- 
panying table : 

Morphological axis. a b c 
P-] . C 00765 00764 0:0765 
(n?+2)d — G 00784 0:0783 00784 
_  n—-1 M_ C 31°25 31:19 31°23 
Molecular refraction, a0 a7 { G 32-02 31-96 33-00 
Specific dispersion, tig — 1g «.....++e+0 00019 0°0019 0°0019 
Molecular dispersion, mg — Mc....++ ++. 0:77 0:77 0°77 


Molecular refraction, ~ l C 54°76 54°63 54°72 
Cc 


Specific refraction, 


NORMAL SELENATES OF POTASSIUM, RUBIDIUM, AND casruM, 893 


Measurements of Optic Axial Angle.—Five pairs of excellent sections 
were prepared and employed in these measurements, The term section- 
plate would be here a misnomer, as the two parallel surfaces require to 
be at least half a centimetre apart, owing to the exceptionally feeble 
double refraction, and the best of the sections perpendicular to the 
first median line were from 6 millimetres to 1 centimetre thick ; 
this is, of course, a very considerable thickness compared with the 
largest size of crystals obtained from solutions of so extensively soluble 
and expensive a salt. The two pairs of surfaces were in the first three 
cases prepared upon the same crystal, and in the other two upon 
crystals belonging to the same crop. The measurements of 2E, 2Ha, 
and 2Ho were invariably carried out at the same sitting, to avoid 
changes in the refraction of the immersion liquid. 

The optic axial angle was found to differ slightly in the different 
crystals derived from different crops, a property likewise exhibited by 
several of the sulphates previously described which showed very slight 
double refraction, a very minute difference in refraction in different 
directions in such cases determining relatively large differences of 
optic axial angle. 

The apparent angle in air is very large, and difficult to measure 
properly with such thick sections, whose breadth also requires to be 
very considerable. Trustworthy results were only furnished by the 
three crystals 3, 4, and 5. The results are given in the first of the 
aceompanying tables. 


Determination of Apparent Angle in Air of Casium Selenate. 


Nature of light. Section 3, Section 4. Section 5, Mean 2E. 
Li 134° 10’ 138° 50’ 131° 50’ 135° O 
C 133 50 138 30 131 30 134 40 
Na 131 40 136 10 129 0O 132 20 
Tl 130 0 134 30 127 25 130 40 
F 128 0 132 0 125 10 128 20 


The dispersion is seen to be somewhat considerable. The hyperbolic 
brushes were fairly sharp in monochromatic light with the thick 
sections employed, but in white light they consisted of broad rainbow 
bands, and the figures, which showed several complete rings round the 
axes, were very beautiful. 

The results of the measurements of 2Ha and 2Ho in bromonaphthalene 
are given in the second of the tables. The figures were very sharply 
defined and readily measured in monochromatic light. The negative 
sign of double refraction was confirmed by the indications afforded on 
the introduction of a quarter undulation mica plate, when observing 
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the figures given by several of the sections perpendicular to the first 
median line. 


Determination of true Optic Axial Angle of Casium Selenate. 


| 
No. of No. of | 
section | Observed section | Observed Calculated 
epee of | perp. Ist. values of perp. 2nd | values of | values of | — 
ail median 2Ha. — median 2Ho. 2Va. ad 
line. line. 


la | 100° 10’ 
2a 99 
30 101 
4a 103 
5a 103 


la 100 
2a 99 
3a 101 
4a 103 
5a 103 


la 101 
2a 100 
3a | 102 
4a 105 
5a 104 


la 102 

2a | 101 

3a 103 

4a 106 

5a 105 | 

| 

la 102 

20 102 

3a 104 | 68 58 


4a 107 
5a 106 


Effect of Rise of Temperature on the Optic Axial Angle.—The effect of 
raising the temperature to 100° upon the refraction phenomena, con- 
sisting in the movement of the intermediate refractive index B from its 
proximity to the y index, through the middle position, nearer and 
nearer to the a index, the accompanying change of the negative double 
refraction to positive, the attainment about 90° of identity of B and a, 
and the subsequent transposition of these indices, the old a index being 
passed and henceforth becoming , and the index which was hitherto 
8 then becoming a, indicated that exceptionally interesting interfer- 
ence phenomena in convergent polarised light might be expected to 
follow the same thermal change. Before testing any of the sections 
practically, the exact nature of the phenomena to be anticipated were 
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thought out. On examining a section perpendicular to the first median 
line, the optic axial angle ought to increase, until it exceeds 90° and 
passes altogether out of the field of view. If the angle in air is being 
observed, as usual with the air-bath heating apparatus, it is already 
very large and the hyperbolee should proceed at once to pass out of the 
field of the instrument. If, then, a section perpendicular to the second 
median line (that is, second at the ordinary temperature) be examined 
under rising temperature, the hyperbole at first ought to be invisible, 
but as the temperature rises they should soon make their appearance 
at the margin of the field, and then continue to approach along the 
horizontal diameter, nearer and nearer until about 90° they should 
coalesce in the centre and produce the uniaxial cross, surrounded by 
circular rings. Beyond this temperature, they should separate in the 
vertical plane, and eventually, past 100°, pass out of this field of view 
and become visible through a pair of ¢{001} faces. 

Upon proceeding to test these theoretical deductions from the refrac- 
tion observations practically, they were found to be precisely in accord- 
ance with fact. On examining sections perpendicular to 6, the first 
median line, and consequently parallel to the 6/010} faces, the hyper- 
bolic brushes are observed almost immediately on warming to pass right 
out of the field and become invisible, the last angle measurable verging 
on 160°. Sections 2a, 3a, 4a, and 5a respectively, parallel to a{100} 
and therefore perpendicular to a, at ordinary temperature the second 
median line, were then slowly heated and the phenomena carefully 
followed. They were suspended just as when observing 2Ho in bromo- 
naphthalene, the air-bath heating apparatus replacing the cell of the 
latter. Very soon, below 50°, the hyperbolic brushes became visible, at 
the extremities of the horizontal diameter. At 65°, they were sepa- 
rated 89° for C and 98° for Tl. They then approached each other as 
the temperature rose, until at about 85° they were separated 18° 
for C and 32° for Tl. At 90°, they were crossed for CU, the cross 
being surrounded by several circular rings. The cross was then pro- 
duced for the other wave-lengths in succession, until about 96° it was 
produced for F. At 100°, the brushes were separated for all colours in 
the vertical plane, very widely for the red. Beyond this, and under 150°, 
they passed along the vertical diameter out of the field altogether. The 
temperatures given are corrected for the slight conduction of heat from 
the crystal by the platinum holder, which, being in firm contact with 
the adjusting apparatus from which it is suspended, introduces a con- 
siderable error. The correction was determined by replacing the crystal 
in the holder by the bulb of a small thermometer, and repeating the 
heating ; it amounted to as much as 10°. The indications of the two 
bath thermometers were thus about 10° higher than the real tempera- 
ture which the crystal attained. The corrected temperatures agree with 
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those of the corresponding refraction phenomena. The temperature 
error in determining the latter with the aid of the most recent form of 
Fuess apparatus, in which the crystal is supported on a glass holder, 
is extremely slight. During the heating of the sections perpendicular 
to what is ordinarily the second median line, and somewhere between 
60° and 80°, the sign of double refraction was tested by the quarter 
undulation mica, the two nicols being placed respectively horizontal 
and vertical for the moment ; the fact of the double refraction being 
now positive was proved by the indications afforded. 

After the conclusion of these experiments, the author was fortunate 
in obtaining a magnificent crystal of cesium selenate of more consider- 
able thickness parallel to the axis a, and of correspondingly greater 
dimensions in the other directions. When the a{100} faces were ground 
down further than they were developed, so as to form two broad termi- 
nating parallel surfaces, and thus obtain a large field in spite of the 
great thickness, the section-plate thus obtained was no less than 12 
millimetres thick, and of about the same breadth. With this fine 
section, the interference figures obtained on heating to 50—150° were 
beautifully clear and well-defined, showing numerous rings, the inner 
ones small. At 82° (corrected), the following angles were observed : 


2E for Cs,SeO, at 82° with section 12 mm. thick parallel a{100}. 


Li 30° 35’ 


On allowing the temperature to rise further very slowly, the uniaxial 
cross was observed to be produced for the various wave-lengths at the 


following temperatures (corrected) : 
Temperature for 
production of cross. 


After the production of the cross for each of the wave-lengths in 
turn, the arms opened and again formed hyperbolic brushes separated 
vertically over each other, as with the other similar sections, and at 
150° the optic axes, even for the extreme blue, had passed out of the 
field at the extremities of the vertical diameter. 

Finally, a similarly suitable section-plate parallel to the third axial 
plane c{001} was obtained, and observed at higher temperatures. No 
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trace of an interference figure was observed up to 150°. When this 
temperature, however, was passed lemniscates began to make their 
appearance, and as the temperature still rose, eventually rings became 
visible, first one, and then another and another, until at 280° four 
rings were visible round each optic axis, and the axes themselves, repre- - 
sented by their hyperbolic brushes, were clearly visible on the margin 
of the field, and exhibited slow movement towards the centre of the 
field with each further increment of temperature. Moreover, the double 
refraction was now again negative. The observations were not con- 
tinued further, on account of the great risk to the valuable polariscope, 

Hence within this range of 280° of temperature cesium selenate 
exhibits the remarkable phenomenon that its first median line is parallel 
to each of the three axes of the optical indicatrix in turn, first 6, then a, 
and finally c ; moreover, the plane of the optic axes crosses from ¢{001} 
to b{010}, the crossing at about 95° being of course accompanied by the 
temporary assumption of uniaxial optical properties ; and further, the 
double refraction changes, first from negative to positive, and then 
again from positive to negative. The actual angular change in the 
mutual positions of the optic axes between these limits of temperature 
is over 200°. 

From theoretical considerations, based upon the relative rates of 
change in the optical velocity along the three axial directions, it is 
possible to follow the changes to still higher temperatures. The fore- 
cast derived from such considerations with regard to temperatures 
actually experimented with was so completely verified by the pheno- 
mena actually observed, that there can be little doubt as to the 
accuracy of such deductions concerning higher temperatures below the 
melting point. The rapid changes between the ordinary temperature 
and 100° were due to the swift approach of the intermediate value 
along c to that along the minimum 3}, owing to the much greater 
diminution of refraction along the former direction, and the subsequent 
transposition by c passing behind }, and becoming the minumum, the 
extent of movement being measured by the change of 0-0007 in the ¢ 
axial ratio of the optical indicatrix Meanwhile, the maximum a had 
approached 6 only to the extent 0:0001. At 280°, the minimum ¢, now 
the direction of the first median line, is about 0:0012 removed from 
the intermediate b, and the latter 0:0006 from themaximum ¢. If the 
change goes on continuously, at 400° to 500° higher, that is, about 
750°, the uniaxial cross and circular rings should again be produced 
round ¢ as optic axis, the difference between a and 6 being reduced to 
zero, and ¢ being far removed from them. Above this temperature, 
the plane of the optic axes will change to a{100}, and thus the optic 
axes will have occupied all three principal planes of the optical indica. 
trix in turn. It is evident, however, that the changes become slower 


898 TUTTON: COMPARATIVE CRYSTALLOGRAPHICAL STUDY OF 


as the temperature rises, after once the most rapidly altering ¢ value 
has passed that corresponding to 6, that is, after the first crossing of 
the optic axial planes and production, for the first time, of the uniaxial 
interference figure ; the second simulation of uniaxial properties must 
occur at a relatively much higher temperature, being due to the rela- 
tively more slowly approaching a and 6 values. 


Comparison of the Optical Properties. 


The optical orientation of the three salts is as follows ; 


For K,SeO,, ais B, bisa, cis y. 
» RbSeOQ, ais B, bisa, cisy. 
» CsSeO, aisy, bisa, cis PB. 


The plane of the optic axes is also identical for the first two salts, 
a{100}, and different, namely c{001}, for the cesium salt. 

The first median line for potassium and rubidium selenates is 
also identical, being the axis ¢, and is the axis 6 for the cesium 
salt. } 

The double refraction is positive for the potassium and rubidium 
salts, and negative in the case of cesium selenate. 

It will thus be observed that there is a reversal of the optical 
character between the rubidium and cesium salts. It will be shown 
in the sequel that this is the consequence of a progression in the 
optical constants, following the progression in the atomic weight of 
the metal present in the salt. The comparison of the optical constants 
will at once be proceeded with. 

Refractive Indices.—The accompanying table exhibits the refractive 
indices of the three salts, arranged so that those for the same morpho- 
logical axial direction are side by side. 

It is clear from an inspection of this table that— 

The refractive indices of rubidium selenate are intermediate between 
those of the selenates of potassium and cesium, and nearest to those of the 
potassium salt. 

This fact is equally true if the indices for the higher temperature of 
100° are compared. 

Perhaps the best mode of obtaining a definite idea of the relationship 
may be obtained by choosing the wave-length of sodium light, and taking 
the mean of all three indices of each salt for that wave-length. The 
numbers obtained are as follows: 


Mean refraction for sodium light of K,SeO, 15396 
” ” Rb,SeO, ...1°5545 
Cs,SeO, ...1:5997 og 


Difference 149 


452 
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Comparative Table of Refractive Indices of the three Selenates. 


Axial direction, | Nature of K,Se0,. Rb,Se0,. Cs,Se0,. 


i ‘ “BE 1°5964 

| 1°5969 
1°6003 

1°6038 
1°6084 
1°6152 


1'5950 
1°5955 
1°5989 
1°6024 
1°6070 
1°6138 


1°5960 
1°5965 
1°5999 
1°6034 
1°6080 
1°6148 


The result is almost the same if the 8 indices for sodium light are 
compared, the differences being 147 and 462. The relationship of the 
differences is thus about 1:3. The following further conclusion con- 
cerning the refractive indices may therefore be appended. 

An increase in refraction is observed to accompany an increase in the 
atomic weight of the alkali metal, and this increase becomes relatively 
greater as the atomic weight rises, than in mere arithmetical proportion to 
that rise. The amounts of increase in the refractive indices, due respec- 
tively to the replacement of potassium by rubidium, and of the latter by 
cesium, are approximately as 1:3. 

Axial Relationships of the Optical Indicatrix or Optical Velocity Ellipsoid. 
—The differencé of refractive power along different directions in the 
crystals of the three salts is very clearly indicated by the relative 
values of the three rectangular axes of the optical indicatrix, or its polar 
reciprocal the optical velocity ellipsoid previously defined. These axial 
values are compared below, the order in which they are taken being 
that of the morphological axes a, 6, c, with whose directions they are 
identical (see next page). 

These ratios exhibit one aspect of the change produced by changing 
the metal, namely, the effect of the total change upon the mutual rela. 
tions of the values along the three axial directions, that along the } 
axis being considered as unity. But they do not express the total 
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Axes of optical Axes of optical velocity 
indicatrix. ellipsoid. 
b c a b 
Y b 
:1:0061 09975: 


a u 
1 1 
a y 18 b ll a 
1:0014:1:1:0043 0:9986 : 1: 

y 56 @ B 387 eS 
1-0009 :1 : 10006 0°9991:1 
change itself. This, however, can be done either by means of the re- 
fractive indices for some particular wave-length, or, thore clearly, by a 
similar set of ratios to the above in which the values for the rubidium 
and cesium salts are not obtained, as they are above, by comparing 
the value along each axis with the value along the 6 axis of that same 
salt, but by comparing the values along the three directions of all three 
salts with the 6 value for potassium selenate. The ratios thus obtained 
are set forth below: 


Axes of optical Axes of optical velocity 
indicatrix. ellipsoid. 
10025 :1:1°0061 0°9975 :1:0°9939 
95 106 89 94 105 86 
10120 : 10106 : 1:0150 0°9881 :0°9895 :0-9853 
304 309 271 288 293 257 
1:0424 : 1°0415 :1°0421 0°9593 : 0:9602 : 0°9596 


From these latter ratios, the following facts are apparent. 

The axial values of the optical indicatria, or of its polar reciprocal the 
optical velocity ellipsoid, for rubidium selenate are ingermediate between 
those for potassium and cesium selenates, whatever direction in the crys- 
tals is chosen for comparison, the differences between different salts being 
large compared with the difference between the two extreme values for 
different directions in the crystals of any salt. When analogous directions 
are compared, it is observed that the values for the rubidium salt lie nearer 
to the potassium than to the cesium salt in the proportion of 1: 3. 

Hence if the optical indicatvices of the three salts were constructed about 
the same origin, using rectangular axial co-crlinates, the indicatria for 
the cesium salt would contain within it that for the rubidium salt, and 
this again would contain the indicatriax_ of the potassium salt, and the two 
latter ellipsoidal surfaces would be separated by only one-third the distance 
which would separate the two former outer surfaces. Similarly as regards 
the optical velocity ellipsoids, except that in this case the outer surface 
would be that for the potassium salt, and the ellipsoid corresponding to 
cesium selenate would be the innermost. 
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It will be advisable at this point to compare the refractive indices of 
the selenates with those of the sulphates, to ascertain the effect of 
replacing sulphur by selenium. This can most concisely be done by 
comparing the mean values of all three indices of each of the sulphates 
for sodium light with the analogous values just given for the selenates. 
For the sulphates they are as under : 


K,S0, 14952 Diff 184 Difference from K,Se0, 0:0444 
se, ... eee ‘ » Rb,Se0, ... 0:0409 
a 19 we OM » 03,800, ... 00362 

It will be observed that 

The replacement of sulphur by selenium in this series of salts is accom- 
panied by an increase in the refractive index, such increase, however, 
diminishing in amount as the atomic weight of the alkali metal, and 
therefore the weight of the initial molecule, rises. The refraction relations 
observed between the three selenates wre precisely parallel to those found 
for the sulphates. 

The increase in the dimensions of the optical indicatrix, or the corre: 
sponding decrease of the optical velocity ellipsoid, brought about by re- 
placing the alkali metal by one of higher atomic weight, occurs to nearly the 
same extent along the directions of the morphological axes a and b, but toa 
less extent alony the axis c. 

The effect of this last fact upon the mutual relations of the optical 
axial values of each particular salt is most clearly shown by the first 
series of ratios, from which the following additional facts are apparent. 

The replacement of one alkali metal by another of higher atomic weight 
is accompanied by a diminution of the double refraction, which already in 
the potassium salt is very feeble. Hence the cesiwm salt exhibits this 
property in an exceptionally feeble manner, the aifference between the two 
extreme axial values of the indicatrix or velocity ellipsoid being less than 
one in a thousand ; a section-plate a centimetre thick is consequently 
required to exhibit a well-defined interference figure in strongly convergent 
polarised light. 

In this convergence of the three axial values towards unity, the progress 
of the ¢ value is much more rapid than that of the other two, an effect 
upon the mutual relations of the values for any one salt which is due to 
the less total change in the dimensions of either ellipsoid along this direc- 
tion previously remarked. For the ellipsoid is rapidly growing or 
diminishing with the rise of atomic weight (according as the indicatrix 
or its polar reciprocal is chosen for observation) along the directions a 
and } and less rapidly along c, but the latter direction is, in the initial 
ellipsoid (for the potassium salt), already that of the maximum axis ; 
hence a slower growth along this direction allows the more rapidly 
moving values for the other axes to more or less overtake it, thus 
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bringing all three nearer to equality. As, however, the other two move 
nearly equally rapidly, their relation is but slighty altered, whereas 
their rapid movement compared with ¢ brings about a considerable 
change in the relation of the latter to them. 

The more rapid approach towards unity of the axial value along the 
vertical axis c, has the interesting effect, on attaining the cesium salt, of 
reversing the sign of the double refraction from positive to negative. The 
e value is no longer that of the maximum or minimum axis (ac- 
cording to the ellipsoid used) but that of the intermediate axis, having 
reached equality with the a value and then overstepped it; and 
this new intermediate axis cis nearer in value to that along a, whereas, 
previously, the axis a, which had been the intermediate one, had most 
nearly approximated in value to 8. 


All these changes are strictly progressive in character, the rubidium salt 
invariably occupying an intermediate position. The reversal of the sign 
of the double refraction in the cesium salt, and its remarkably feeble dis- 
play of double refraction, wre both necessary consequences of this pro- 
gression in the optical properties accompanying the progression in the atomic 
weight of the metal contained in the salt. 

The interesting facts regarding the refraction just summarised are 
graphically presented by the curves given in Fig. 10. The continuous 
curves are derived by taking the axial values of the optical indicatrix, 
according to the first series of ratios, as abscisse, and the atomic weight 
of the alkali metal as ordinates. The line corresponding to the unit 
axis 6 is of coursea straight one. The convergence towards the cesium 
salt is very striking, as is also the intersection of the a and ¢ curves 
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followed by the inevitable reversal of their relative positions. The 
same facts are shown by the dotted curves, which correspond to the 
second series of ratios. The true relations of the refractions are here 
clearly exhibited for the different salts, as also the feebleness of the 
double refraction, expressed by the closeness of the curves to each other. 
So close do they approximate at the cesium salt, that they appear 
almost to coincide, and it is difficult to follow the crossing of the c 
curve, which the first series exhibit so well. The two series of curves 
corresponding to the optical velocity ellipsoid are precisely similar, 
only laterally inverted. An exact idea of their relations is obtained by 
holding the page up to the light and looking through it from behind. 

It will be most convenient next to compare the optic axial angle 
phenomena of the three salts for the ordinary temperature. 

Optie Axial Angle Phenomena.—The refraction relationships are neces- 
sarily followed by corresponding ones with respect to the interference 
phenomena in convergent polarised light. 

In the case of potassium selenate, the direction ¢ is that of the 
maximum axis of the indicatrix and 4 that of the minimum, while the 
intermediate a is somewhat nearer to 6 than toc. Hence ¢ is the first 
median line and a{100} the plane of the optic axes (binormals) ; cor- 
responding to the relative position of the intermediate value a, the 
optic axial angle is 76° 50’ (Na). On arriving at the rubidium salt, 
owing to the nature of the curves, or, in other words, the specific charac- 
ter of the progression for this series of selenates, the conditions are 
similar, except that the double refraction is weaker, the values being 
all closer together and thicker sections being required to afford equally 
well-defined interference figures, and the relative position of the inter- 
mediate a value is somewhat nearer still to 4, causing the optic axial 
angle to be slightly less, namely, 68° 53’ (Na). 

Between the rubidium and czsium salts, however, occurs the inter- 
esting intersection of the a and c curves, so that an entirely new order 
prevails in the cesium salt. The c axis is now the intermediate one, 
and in value is nearest to the new maximum a. Hence the first median 
line becomes J, the plane of the optic axes c{001}, and the sign of double 
refraction is reversed to negative. The relative value of the inter- 
mediate axis c determines that the optic axial angle is 71° 49’ (Na). 
But it must be remembered that this is not directly comparable with 
the values of the angle for the other two salts, because the optic axes 
are now separated in another plane, at right angles to that which con- 
tained them in the two other salts. Zhe optic axial angles themselves, 
therefore, cannot be compared as regards their angular magnitude, but - 
they are precisely such as would naturally follow from the progressive 
development of the optical indicatrix, which has been shown to accompany 
the progression in the atomic weight of the three alkali metals, 
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It will now be expedient to compare these relationships: with those 
observed in the sulphate series. 

The three italicised rules following from a comparison of the optical 
axial ratios of the selenates, regarding the intermediate position of the 
rubidium salt, the enclosure of the rubidium and cesium ellipsoids 
within that for the potassium salt, and the slower increase of the 
dimensions of the indicatrix along the axis c, are equally applicable to 
the sulphate series. There are naturally, however, specific differences 
between the two series, due to the retardation of the advance in the 
optical properties on replacing sulphur by selenium offered by the 
increasing weight of the initial molecule, as pointed out in the com- 
parison of the refractive indices, the effect of such replacement being 
less marked when it occurs in the heavy cesium salt than in the 
lighter potassium salt, the rubidium salt offering an intermediate 
resistance to the change. The most striking evidences of this are 
afforded by the fact that the differences between the second series of 
ratios expressing the total change are less in the selenate than in the 
sulphate series, and by the interesting fact that the crossing of the c 
and @ curves occurs in the sulphate series just before the rubidium 
salt is reached, whereas in the selenate series this does not happen 
until just anterior to the attainment of the cesium salt. Hence the 
particularly interesting member of the sulphate series is the rubidium 
salt, with its phenomenally low double refraction, and the great sensi- 
tiveness of its optic axial angle to change of wave-length and tempera- 
ture together with its accompanying manifestation of crossed axial 
plane dispersion, whereas in the selenate series it is the cesium salt 
which is particularly interesting in this respect. Moreover, the specific 
difference between the two series due to the specific difference between 
sulphur and selenium, and the different effect of replacing one by the 
other in molecules of different initial weight, is apparent in the 
different nature of the curves corresponding to the first series of ratios, 
those for the sulphate series being practically straight lines, and those 
for the a and ¢ axes of the selenates exhibiting greater curvature 
convex to each other. 

It may therefore be stated that 

The optical properties of the selenate series exhibit marked specific differ- 
ences from those of the sulphate series, owing to the progressively different 
effect of replacing sulphur by selenium in the three sulphates of progres- 
sively different molecular weights, but the whole of the relationships of these 
optical properties exhibited by the three salts of each series are of a precisely 
parallel nature, being functions in each case of the atomic weight of the 
alkali metal which they contain. : 

Comparison of the Optical Properties at Higher Temperatures.— 
It is important to ascertain that the above conclusions are not 
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impaired by making the comparison at temperatures other than the 
ordinary. 

On comparing the refractive indices at 100°, those for the rubidium salt 
are still observed to be intermediate throughout. Their relations may be 
concisely expressed by taking the mean of all three indices of each 
salt for Na light, as was done for the ordinary temperature. The 
numbers thus obtained are as follows : 


For 100°. For ord. temp. 
15396 
15545 
15997 


Diff., 149 
Diff., 452 


The relations of the differences for the two chemical changes are thus 
substantially the same as at the ordinary temperature, namely, 1:3. 

The following further facts are observed on instituting the com- 
parison between the results for the three salts at the ordinary tem 
perature and for 100°, details of the comparison for each individual 
salt having been discussed under that salt. 

A diminution in refractive power accompanies a rise of temperature of 
the crystals of all three sélenates. The amount of diminution is much the 
greatest for each salt along the direction of the morphological axis c; the 
minimum diminution corresponds to the direction of the axis b, and the 
intermediate amount along the axis ais nearest to the latter. The double 
refraction also diminishes on raising the temperature, but owing to an 
interesting result of the more rapid change along the direction of the axis 
c, this only occurs in the case of the cesium salt until a certain minimum 
is attained, about 90°, after which the double refraction again increases, 

The greater diminution along c, and the decrease of double refraction 
in the cases of the potassium and rubidium salts, are very clearly seen 
from a comparison of the axial ratios of either of the optical ellipsoids. 
Those for the optical indicatrix are set out side by side below: 


— — ms ts 


a c a c a c 


B a Y B a ¥ Y a B 
For ord. temp. 1:0025:1:1:0061 1:0014:1:1°0043 1:0009:1:1°0006 


B a Yj B a4 Y Y B a 
For 100° 1:0020:1;1:0050 1:0012:1:1:0033 1:0008:1:0°9999 
. ae 5 11 2 10 1 7 


Another interesting observation is that the difference between the 
values of each specific ratio for the two temperatures in the case of the 
rubidium salt is intermediate between the corresponding differences 
for the potassium and cesium salts, the change being progressive even 
to this point of detail. 

It will be convenient next to consider the relation, if such there be, 
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of the highly interesting and unique optical behaviour of cesium 
selenate on raising the temperature, to the rule of progression accord- 
ing to the atomic weight of the metal which has beeh found to hold 
with respect to the optical constants. 

It has already been shown, and it is quite evident from the Greek 
letters above the ratios just given, that, even at the ordinary tempera- 
ture, a remarkable change has been effected in the cesium salt by the 
rule of progression, and that not only are the B.and y directions 
reversed, but the ratios are become reduced nearly to unity, expressive 
of the great diminution of double refraction. It is also evident that 
the rapid reduction of the c values by rise of temperature, 11 and 10 
for the potassium and rubidium salts, is large compared with the total 
difference of either ratio of the cesium salt from unity, and that if it 
continues to proceed at anything like the same rate, the c value of the 
cesium salt must actually attain unity and even pass below it and 
become a decimal number. It is seen that in practice it indeed 
becomes reduced by 7, and thus the + 0°0006 entirely disappears, and 
becomes —0°0001, the ratio being now a decimal, 09999. This result 
gives rise of necessity to another exchange of directions, this time be- 
tween a and f, and, moreover, as the new # is nearer in value to the 
new a, whereas the former 8 was nearest to y, another change of the 
sign of double refraction occurs; and as two further consequences 
the first median line must become changed from the direction of b to 
that of a, and the plane of the optic axes (binormals) from ¢c{001} to 
b{010}. Hence it is clear that the interference phenomena which ure 
manifested by cesium selenate crystals in convergent polarised light, 
on becoming heated, are due, in the first place, to the optical conditions 
which obtain in the cesium salt at the ordinary temperature, as the direct 
result of the progressive change in the nature of the optical indicatrix, 
which has been shown to accompany the replacement of one alkali 
metal by another, following the order of the progression in atomic 
weight ; and, in the second place, to the progressive modification of 
those conditions brought about by rise of temperature, which likewise 
follows the order of progression of the atomic weights of the alkali 
metals. For the reduction of the c ratio from 1:0006 through unity to 
09999 in accordance with the second progression, of necessity means 
that on heating the crystal, after the change of the first median line 
from b to a, the optic axial angle about a narrows and narrows until, 
when unity of the b and c values is attained, the separation of the axes 
becomes zero, and the crystal simulates uniaxial optical properties, its 
interference figure consisting of a rectangular cross and circular rings ; 
beyond this occurs the change of the optic axial plane, the axes again 
separating, but in the plane perpendicular to that which formerly con- 
tained them. Owing to the presence of dispersion, the production of 
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the uniaxial figure naturally occurs at slightly different temperatures 
for the different wave-lengths. The further phenomena observed on 
continuing to raise the temperature, described in connection with the 
cesium salt, are equally the direct result of the continuous changes in 
the nature of the optical indicatrix, due to the same cause. 

The following general statement may therefore be made concerning 
the unique optical phenomena presented by cr yetals of cesium selenate 
on raising their temperature. 

The crystals of cesium selenate exhibit remarkable optical phenomena 
on raising their temperature. A 60° prism whose vibration directions are 
parallel to b and c affords, at the ordinary temperature, two clearly separated 
refracted images of the signal-slit corresponding respectively to the a and B 
indices ; on heating the prism, the images approach each other, about 90° 
they coincide, as if the crystals were uniaxial, after which they again 
separate and pass on the other side of each other, as Band a. On 
examining a section-plate perpendicular to the first median line b in con- 
vergent polarised light at the ordinary temperature, the interference figure 
shows the optic axial brushes widely separated at the margin of the field 
in the plane c{001}, the double refraction being negative. On heating the 
plate, the separation increases, and the brushes disappear from the field. 
On following up the phenomena with a section-plate perpendicular to a, 
the second median line at the ordinary temperature, the axial brushes soon 
mike their appearance after the heat is applied, the double refraction being 
now positive ; they then approach each other as the temperature further 
rises, until, at temperatures varying for the different wave-lengths from 
92° to 98°, they unite in the centre of the field to produce the uniaxial 
cross and circular rings. Beyond this temperature, they again separate, 
but in the plane b{010} at right angles to that which formerly contained 
them, and continue to do so until they disappear out of this field. On 
still following the effect with a section-plate perpendicular to the third axial 
direction c, the axial brushes ave seen to make their appearance at 280° 
surrounded by numerous rings and lemniscates, the sign of double refrac- 
tive being once more negative ; and as the heating is continued as far as 
is possible with safety to the polariscope, the axes are observed to approach 
nearer and nearer the centre of the field. Calculations show that the 
uniaxial cross and rings would again be produced about 750°, after 
which the axes would separate in the third plane a{100} ; the changes, 
however, are less rapid at these higher temperatures. Moreover, all the 
section-plates require to be at least a centimetre thick, on account of the 
extreme weakness of the double refraction. 

The whole of these unique optical phenomena exhibited by the crystals of 
cesium selenate are the direct consequence of the progressive changes in 
the nature of the optical indicatrix of this series of isomorphous salts, 
both at the ordinary temperature and upon raising the temperature, which 
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are observed to accompany the progressive change in the atomic weights of 
the three alkali metals. 

Molecular Optical Constants.—The specific and molecular refractions 
and dispersions of the three salts, calculated by the Lorenz formule, 
and the molecular refractions according to the formula of Gladstone 
and Dale, are compared in the accompanying tables. 

The following facts are observed. 

The whole of the molecular optical constants of rubidium selenate are 
intermediate in value between those of potassium and cesium selenates. 
The molecular refraction and dispersion increase with the atomic weight 
of the contained metal, such increase becoming greater as the atomic 
weight rises, the differences between the constants for the rubidium and 
cesium salts being greater than those between the values for the potassium 
and rubidium salts. The specific refraction decreases as the atomic 
weight rises, and the decrease is greater when rubidium replaces potassium 
than when rubidium is replaced by ceesium. . 

These rules wre equally valid whether the constants are calculated by the 
formule of Lorenz or of Gladstone and Dale, and, as regards the refrac- 
tion, whatever may be the wave-length for which the comparison is instituted. 
Moreover, as both density and refractive power have been proved to 
diminish on ratsing the temperature, these conclusions concerning the 
molecular optical constants are independent of the temperature. 

er : n?—1 
Specific refraction @t+aa™ 
For ray C' (Ha). For ray Hy near G. 
w b c “a b c 
01018 01012 01027 0:1042 0:1036 0:1052 
199 196 202 204 201 208 
...0°0819 00816 0°0825 0°0838 0°0835 0:0844 
54 52 60 54 52 60 
...0°0765 0°0764 0°0765 0:0784 0:0783  0:0784 


n? — 1M _ 
nm+2d 

For ray C (Ha). For ray Hy near G. 
> , 


Molecular refraction m. 


b c 
22°88 23°22 
3°28 3°20 
26°25 26°16 26°42 
5°77 5°80 5°58 
32°02 31°96 32°00 


Specific dispersion, ng—1q Molecular dispersion, mg — me- 


a b c a b c 
K,SeO, ...0°:0024  0°0024  0°0025 0°54 0°53 0°55 
Rb,SeO, ...0°0019 0:0019  0°0019 0°61 0°61 0°59 
Cs,8eO, ...0°0019 0:0019 0:0019 O77 0:77 0-77 


NORMAL SELENATES OF POTASSIUM, RUBIDIUM, AND C&SIUM. 909 


m=! VF for ray C. 


Molecular refraction (Gladstone) 
b c 

38°38 39°05 

5°72 5°59 

44°10 44:64 

10°53 10°08 

Cs,SeO, : 54°63 54°72 


It will be expedient next to compare the molecular optical constants 
of the selenates with those of the sulphates, given in the former com- 
munication, in order to ascertain the effect of replacing sulphur by 
selenium. On instituting the comparison, the following facts are 
observed, 

The replacement of sulphur by selenium in this series of salts is accom- 
panied by an increase in molecular refraction of 3:-4—3°8 Lorenz units 
or 6°2—7:2 Gladstone units for the ray C, according to the direction in 
the crystal chosen for comparison. The relations of the three salts of each 
group as regards molecular refraction are identical, the actual differences 
being, however, very slightly greater in the selenate group than in the 
sulphate group. For the replacement of potassium by rubidium, a mean 
increase for the ray C of 3:13 Lorenz units or 5°52 Gladstone units occurs 
in the sulphate group, and of 3°17 Lorenz or 5°65 Gladstone units in the 
selenate group. For the replacement of rubidium by cesium, an increase 
is observed of 5°46 Lorenz or 10°04 Gladstone units in the sulphate group 
and 5'55 Lorenz or 10°36 Gladstone units in the selenate group. 

The specific refraction of the cesium salts of the two groups is practi- 
cally identical, but potassiwm selenate shows a considerable reduction of 
specific refraction compared with potassium sulphate, and rubidium 
selenate a less reduction. The differences of specific refraction in the 
selenate series wre thus smaller, but their relations are the same, the values 
for the rubidium salts of both series being nearer to those for the caesium 
than to those for the potassium salts. 

The specific and molecular dispersions of the selenates are higher than 
those of the sulphates, but the relations between the values for the three 
salts of each group are the same. 


Determinations of Refraction Equivalents in Solution. 


It was considered very desirable, in view of the interesting facts 
described in a previous memoir (Trans., 1896, 69, 502) regarding the 
similarity of the refraction equivalents of the sulphates in the crystal- 
lised state, and in the state of solution as observed by Dr. Gladstone, 
that a careful determination of the values of the selenates for the state 
of solution should be made. With Dr. Gladstone’s concurrence, these 
determinations have been carried out by the author. The solutions 
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employed were highly concentrated, in order to avoid the slightly dis- 
turbing effect of large dilution which has been observed by Dr. Gladstone 
to occur in the cases of numerous salts which he has investigated 
(Trans., 1895, 67, 831). In the case of potassium selenate, which has 
been shown earlier in this memoir to be much more soluble than the 
sulphate of the same metal, and whose saturated solution contains 53:5 
per cent. of the salt, two of the solutions contained as much as 50 per 
cent. The densities of the solutions were determined by means of the 
same 10 c.c. pyknometers as were employed for the determinations in 
the solid state, and were carried out for 20° in the same manner, the 
salt having been rendered perfectly anhydrous previous to solution by 
the same means as are described in connection with those determinations. 
The refractive indices of the solutions were determined by means of a 
small hollow 60° prism holding about a cubic centimetre, whose two 
side plates were cut from micro-cover-glasses selected from a large 
number on account of their perfect planeness, as tested by the perfec- 
tion of the reflection of the signal-slit obtained from each surface. The 
large Fuess No. 14 goniometer was employed as spectrometer. 

The refractive index of the distilled water employed was first deter- 
mined, after recent boiling and subsequent cooling to the ordinary 
temperature 16—18°, and the following values, practically identical 


with those of Dr. Gladstone, obtained : 
Li, 1:3313 ; C, 13317 ; Na, 1°3334 ; Tl, 1°3353 ; F, 1:3379 ; G, 1:3407. 


The molecular refractions were calculated in Gladstone and Dale 


units for the wave-length C, the specific refraction at being first 


calculated by means of the usual formula, 


o(*7-)= (a) +(e) 
and then multiplied by the molecular weight of the salt. 

The results are given in the accompanying table. 

It will be observed that the concordance of the results with these 
highly concentrated solutions is very satisfactory, the differences between 
the values for the same salt being so slight that any noteworthy effect 
of difference of concentration is absent. Consequently, the mean value 
for each salt may be fairly taken as representing the molecular refrac- 
tion of that salt in the dissolved state, and this is given in the last column 
but two. In the last column but one is given the mean value of the 
molecular refraction for the crystallised condition, obtained by taking 
the mean of the three values for each salt given at the end of the last 
section, corresponding to the three refractive indices of the crystals: 
The last column contains the differences between the figures in the two 
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Determinations of Molecular Refraction in Solution. 


| | | Mole- | 
ey cular | Mean 


Density arn at 
: | : cent- . _|refrac-|M. R. | Mean 
Weight | Weight of | Refractive “yin | of salt|M. R. | Differ- 


age of : “at 
Salt. of of | lsolution| index of of salt} in lofery-| ence. 


lsalt in| . 
salt _ water | solution ta | debe baie 
solu- | tion. | 


tion. 
| (Li 1°3778 
| ‘3778 
y a ra pag Fe Na 1°3801 
K,SeO,| 7°4811 | 13°4364 | 35 . ‘3819 
| > 1°3846 
| "8883 


3861 

3866 

= Soe ‘3888 
[41-79 | 1°4885 | aT 3907 
. 1°3936 
8975 


"3992 
3996 | 
4019 
4044 
4073 
‘4116 
"8988 
3992 
‘4015 
‘4038 


7-9016 | 11-0075 
‘| 39°83 | 38°69 | +1°14 


| 
11°3803 | 11°4179 | 49°92 | 1°5E 


i 1° 
4067 


| 
| 


| 12°4584 | 12-4600 | 50-00 


| 


"4105 


3746 

3750 

Rb,SeO,| 9°4685 | 138511 | 40°60 | 1-4688 | 3772 

| | 3795 

| | | \|F 1°3820 

3860] 

44°81 | 44°34 | +0°47 
*3E42 


|G 1:3846| | | 
10°5352 | 11-8460 | 47-07 | 15806 |/,n° 1 3865) | 


3888) 
F- 1°3915} 
| \G 1°3954| 


(L 3810 
| | 3814 


Cs,SeO,| 11°4479 | 13-4690 45°94 | 1° 


54°70 -0°30 
| /Li 1°3935 
C 1°39389 
Na 1°3962 | 
12°7686 | 11°1240 | 58°43 | 1°7 
| | 1°7482 |) 71-3984 
| |B 14012 
| \\e 1°4052 
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previous columns, the signs indicating the order of change on effecting 
solution. 

The result of the comparison of the values for the two states is 
interesting. It is observed that— 

The molecular refraction of each of the thre: salts for the state of solu- 
tion in water is approximately, but not exactly, the same as the mean of the 
three values for the crystal. When potassium selenate is dissolved in water 
its refraction equivalent rises by 1:14; in the case of rubidium selenate a 
less rise of 0°47 is observed ; while for cesium selenate there is no longer 
a rise but a decrease, to the extent of 0°30. These slight differences, due to 
change of state in the three cases, thus exhibit a regular progression, varying 
directly as the specific refractive energy and inversely as the atomic weight 
of the alkali metal contained in the salt. 

On reference to the table at the end of the last section, the specific 
refraction will be observed to decrease as the atomic weight of the 
metal increases. 

The third and fourth determinations of the value for the potas- 
sium salt in solution were made in order to further confirm the some- 
what large difference of over one unit in the case of that salt, with 
quite independent material; for the sake of greater certainty, the 
material for the third determination was directly derived from the 
original stock by recrystallisation. The results in both cases are 
observed to be amply confirmatory. Hence there can be no doubt that 
the mean value for solution, 39°83, is correct. The author’s value for 
the crystals is also practically identical with that obtained by calcula- 
tion from the measurements of Topsée and Christiansen, so that the 
result is confirmed on every side. The determinations for this salt in 
solution are less liable to error than those for potassium sulphate, on ac- 
count of its far greater solubility and the consequent greater concentra- 
tion of 50 per cent. possible, it being only possible to make a 10 per cent. 
solution of potassium sulphate. 

It will doubtless be interesting to compare these results with those 
obtained for the sulphates, the observations for solution of K,SO, being 
due to Kanonnikoff, and those for Rb,SO, and Cs,SO, to Gladstone and 
Hibbert (/oc. cit., 838), the author’s material having been used in the 
cases of the two latter salts. The actual figures for the state of 
solution are those given in the memoir of Gladstone and Hibbert for 
the strongest solutions employed, which were nearly saturated, and 
they refer to the wave-length C. 


Molecular refraction Mean M. R. 

Salt. of crystals. of crystals. M. R. for solution. Difference. 
K,SO, ... 32°22, 32°14,32°39 32:25 32-°15(Kanonnikoff) — 0:10 
Rb,SO, .... 37°83, 37°74,37°75 37°77 38°39 (Gladstone) + 0°62 
Cs,SO, ... 48°05,47°89,47:50 47°81 47°57 (Gladstone) — 0°24 


 S FeO bee VS 
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It is evident that the sulphates of rubidium and cesium exhibit 
similar differences to the selenates, the rubidium salt showing a positive 
difference and the cesium salt a negative one. The values for solution 
of these two salts are strictly comparable with those for the crystals, 
as the determinations were made with material lent to Dr. Gladstone 
for the purpose by the author from the stock employed in the crystallo- 
graphical work. 

The relations of the two values for the potassium salt, however, are 
not similar to those of potassium selenate in the two states, and it 
consequently became a matter of importance to revise Kanonnikoff’s 
value for solution. Dr. Gladstone has published two values for potas- 
sium sulphate in the dissolved state, in his first paper (Phil. Trans., 
1870, 160, 15) the number 33°11, and in the 1895 memoir (p. 840) the 
value 32°41 for D. In order to decide the question, two totally inde- 
pendent determinations of the refraction equivalent of potassium sul- 
phate in the state of solution were made, with the same pure material 
as was employed for the crystallographical investigation. The powdered 
salt was thoroughly dried in the same manner as the selenates, and the 
determinations were carried out in exactly the same way as those of the 
latter salts. The two independent solutions happened to be of exactly 
the same degree of concentration, being nearly saturated solutions, and 
the identity of the results proves the trustworthy character of the 
determinations. The numerical details are given in the accompanying 
table : 


Determinations of Molecular Refraction of Dissolved Potassium 
Sulphate. 


Mean 
Per- | _ | Mole- 
Weight | centage | pe Refractive | cular re- oe 5 Dif. 
of | ofsalt | j:on at index of | fraction | in of crys- anne 
water, | in solu- | 20°/4°, solution. | ofsaltin solu- | tals. | 


tion. solution.| |: 
. On.! tion. 


Weight 
of salt. 


| 
(Li 1°3421 
}O 18425 | 
Na 1°3443 | 
1°3463 
1°3486 | | 
*2F | 
cad 32°25 | 41°14 
13421 | 
13425 | 
Ta 1°3442 
13463 | 
1°3486 | 
3519 


14°2444| 8°78 
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The value 32°15 given by Kanonnikoff (J. pr. Chem., 1885, [ii], 31, 
321) is thus found to be too low, and the value obtained by Dr. Glad- 
stone in 1870 is doubtless nearer the truth than his later value, being 
nearly identical with the number now presented, which is precisely as 
much higher, 114, than the mean value for the crystals, as was 
observed in the case of the analogous potassium selenate. This result 
thus renders the parallelism between the two groups of salts, the 
sulphates and the selenates, complete. 

It is extremely interesting that this should be so, for it indicates 
that the generalisation advanced in 1868 by Dr. Gladstone (Proc. Roy. 
Soc., 1868) that “the refraction equivalent of a solution is the sum of 
the refraction equivalents of the solvent and of the substance dissolved ” 
is substantially correct, slight differences due to change of state being 
sometimes on one side and sometimes on the other. This important 
fact, that the differences occur on both sides of zero, was overlooked 
in a recent memoir by Pope (Trans., 1896, 69, 1535), which the author 
has felt called upon to criticise (Trans., 1897, '71, 235). 

The results further confirm Dr. Gladstone’s conclusion that in salts 
of low specific refractive energy the difference due to change of state 
is a negative one, the cesium salts having the lowest specific refractive 
energy ; and also his remark that there are clear indications of some 
connection between the amount of this change and the amount of the 
specific refractive energy and the combining proportions of the consti- 
tuent elements present. 

It has been shown in the previous section that the specific refraction 
is an inverse function of the atomic weight of the metal contained in 
the salt, and thus one is inevitably led to conclude that this interesting 
order of the differences, arising on changing the state of the salt, is 
primarily due to the variation in the nature of the atoms, which is inter- 
preted by the change in their fundamental constant, atomic weight. 


SuMMARY OF CONCLUSIONS. 


The main results of the investigation are contained in the following 
summary. 

1. The normal selenates of potassium, rubidium, and cesium dis- 
solve to a progressive extent in water ; the progression in solubility 
follows the order of the atomic weights of the three respective metals 
contained, and becomes more rapid as the atomic weight rises. They 
are much more soluble than the corresponding sulphates. 


Morphology. 


2. The values of the morphological angles of the crystals of rubidium 
selenate are without exception intermediate between those of the 
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analogous angles on the crystals of the selenates of potassium and 
cesium, and somewhat nearest to those of the latter salt. Hence 
progressive change in the atomic weight of the alkali metal is accom- 
panied by a progressive change in the magnitudes of the morphological 
angles. The latter are, therefore, a function of the atomic weight of 
the metal present, and the function is such as produces a diminishing 
effect as the atomic weight rises. The replacement of sulphur in the 
corresponding sulphates by selenium.produces only a slight alteration 
in the angles of the crystals, rarely exceeding 20’. 

3. The morphological axial ratios for rubidium selenate are inter- 
mediate between those for potassium and cesium selenates. There is 
thus a progression in the axial ratios corresponding to the progression 
in the atomic weight of the metal contained. The change becomes less 
marked as the atomic weight rises. It is greatest for the ratio c/d. 
The replacement of sulphur in the analogous sulphates by selenium is 
accompanied by only slight change of the ratio a/b, but a more con- 
siderable change in the ratio ¢/b. 

4. The habits generally assumed by the crystals of the three sele- 
nates respectively exhibit a progressive development of the primary 
forms, following the progressive change in the atomic weight of the 
metal. While inducing certain slight specific changes of form, the 
replacement of sulphur by selenium does not affect the general habit. 

5. The directions of cleavage are identical for both selenates and 
sulphates. 


Volume. 


6. The relative density and molecular volume increase when a lighter 
is replaced by a heavier alkali metal. The increase in density is 
greater when potassium is replaced by rubidium than when the latter 
is replaced by cesium, and the increase in molecular volume is, on the 
contrary, greatest when rubidium is replaced by cesium. The replace- 
ment of sulphur in the sulphates by selenium is accompanied by an 
increase of molecular volume of 6:5 to 6°7, the amount varying within 
these limits inversely as the weight of the initial molecule. The 
differences between the molecular volumes of the three selenates, 8°3 
and 11°35, are slightly less than the corresponding differences, 8°44 and 
11:4, for the lighter sulphates. Hence the effect of the replacement of 
either the metallic or acid-forming element is perceptibly less in the 
case of a heavier than in the case of a lighter initial molecule. 
Throughout all these changes the rubidium salt invariably behaves in 
an intermediate manner, corresponding to the intermediate position of 
the metal as regards atomic weight. 

7. The replacement of potassium by rubidium, and of the latter by 
cesium, is accompanied in each case by a considerable increase in the 
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separation of the centres of contiguous units of the homogeneous crystal 
structure (in all probability the chemical molecules), along the direc- 
tions of each of the morphological axes. This influence of the nature 
of the alkali metal in producing extension of the structure becomes 
relatively greater as the atomic weight rises, the intermediate relative 
positions of the ultimate parts of the structure of the rubidium salt 
being somewhat closer to those for the potassium than to those for the 
cesium salt. An extension of volume in all directions also accom- 
panies the replacement of sulphur in the corresponding sulphates by 
selenium. 
Optics. 

8. The refractive indices of rubidium selenate are intermediate 
between those of the selenates of potassium and cesium, and nearest to 
those of the potassium salt. This is equally true whether the com- 
parison be made at the ordinary temperature or 100°. An increase in 
refraction is observed to accompany an increase in the atomic weight 
of the alkali metal, and this increase becomes relatively greater as the 
atomic weight rises than in mere simple proportion to that rise. The 
replacement of sulphur in the analogous sulphates by selenium is also 
accompanied by an increase of refractive index, and such increase 
diminishes in amount as the weight of the initial molecule increases. 

9. The axial values of the optical indicatria or of its-polar reciprocal, 
the optical velocity ellipsoid, for rubidium selenate are intermediate 
between those for potassium and cesium selenates; so that if the 
optical indicatrices of the three salts were constructed about the same 
origin, using rectangular axial co-ordinates, the closed ellipsoidal figure 
for the cesium salt would contain within it that for the rubidium salt, 
and this again would contain the indicatrix of the potassium salt, 
separated from it by only one-third the distance which would separate 
the two former outer surfaces ; the reverse order obtains for the optical 
velocity ellipsoid. The increase in the dimensions of the optical indi- 
catrix, or the corresponding decrease of the optical velocity ellipsoid, 
which accompanies the rise of atomic weight of the metal, occurs to a 
less extent along the direction of the axis c than along the two other 
axial directions. 

10. The replacement of one alkali metal by another of higher atomic 
weight is accompanied by a diminution of the double refraction ; this 
property is already feeble in the potassium salt, and is so weak in the 
cesium salt that the difference between the maximum and minimum 
axes of the indicatrix is less than one in a thousand. A section-plate 
over 1 centimetre thick is consequently necessary to furnish a well- 
defined interference figure in convergent polarised light. In the con- 
vergence of the axial values towards umity, the ¢ value proceeds much 
more rapidly than the others. 
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11. The more rapid approach towards unity of the ¢ axial value has 
the effect on attaining the cesium salt of reversing the sign of the 
double refraction from positive, its nature for the potassium and rubi- 
dium salts, to negative ; for not only do two of the values, c and a, 
actually attain equality, but slightly overstep it, and pass each other, 
and are on opposite sides to their former relative position when the 
cesium salt is reached. Hence this interesting fact is a direct result 
of the rule of progression of the optical constants which accompanies 
the progression in the atomic weight of the alkali metal. 

12. The optic axial angles are precisely such as would naturally 
follow from the progressive development of the optical indicatrix, which 
has been shown to accompany the progressive change in the atomic 
weight of the metal present, the observed change of direction of the 
acute bisectrix from the axis c to the axis }, and the optic axial plane 
from the macropinacoid to the basal plane, when the cesium salt is 
attained, being the inevitable result of the continuity of that pro- 
gression. 

13. The optical properties of the selenates exhibit marked specific 
differences from those of the sulphates, owing to the progressively 
different effect of replacing sulphur by selenium in the three sulphates 
of progressively different molecular weights, but the whole of the rela- 
tionships of these optical properties exhibited by the three salts of 
each group are of a precisely parallel nature, being functions in each 
case of the atomic weight of the alkali metal which they contain. 

14, The refractive indices, the axial ratios of the optical indicatria, 
and the double refraction of the crystals of all three selenates diminish 
on raising their temperature. The amounts of diminution of the two 
latter observe the inverse order of progression of the atomic weights of 
the three metals. The amounts of diminution of the two former are 
much the greatest for each salt along the axis c, and an interesting 
result of this is that diminution of the double refraction only occurs, 
in the case of cesium selenate, until a certain minimum is obtained, 
about 90°, the ¢ value at this temperature becoming identical with, 
and subsequently crossing, the 4 value, after which the double refrac- 
tion again increases. A 60° prism of cesium selenate whose vibration 
directions are parallel to 6 and c¢, affords at the ordinary temperature 
two clearly separated refracted images of the signal-slit of the spectro- 
meter, corresponding to the a and f indices; on heating the prism, the 
images approach each other, about 90° they coincide as if the crystal 
were uniaxial, after which they again separate on the other side of one 
another, as 8 and a. 

15, As a necessary consequence of the foregoing, the crystals of 
cesium selenate exhibit wnique interference phenomena in convergent 
polarised light when their temperature is raised. On slowly heating a 
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section, a centimetre thick, perpendicular to the first median line }, the 
optic brushes visible at the margin of the field separate still further 
and disappear out of the field. On following the phenomena by heat- 
ing a section perpendicular to the second median line a, the brushes 
soon appear, the double refraction being now changed from negative to 
positive, and approach each other until they coalesce to produce the 
uniaxial cross and circles, at temperatures varying for the different 
wave-lengths from 92° to 98°, after which they separate in the plane at 
right angles to their former one, and eventually disappear again out of 
the field. With a third plate perpendicular to the axis c, the brushes 
make their appearance at about 280°, the sign of double refraction 
being again reversed to negative, and approach each other as the tem- 
perature still rises to the maximum which can be employed with safety 
to the polariscope. Theoretical considerations show that the uniaxial 
figure would again be produced about 750°, after which the brushes 
would separate in a third plane. 

16. The whole of the molecular optical constants of rubidium selenate 
are intermediate between those of potassium and cesium selenates. 
The molecular refraction and dispersion increase, and at a growing 
rate, with the atomic weight of the metal, the increase being greater 
when cesium replaces rubidium than when the latter replaces potas- 
sium. The specific refraction decreases as the atomic weight rises, 
and the decrease is the greater when potassium is replaced by rubi- 
dium. These rules are independent of temperature. The replacement 
of sulphur in the analogous sulphates by selenium is accompanied by 
an increase in molecular refraction of 3°4—3°8 Lorenz units, or 6°2—7°2 
Gladstone units, according to the direction chosen for comparison. 
The relations of the three salts of each group as regards molecular 
refraction are identical, but the actual differences are slightly greater 
in the selenate group than in the sulphate group. The same applies 
to the relations of the specific refractions, but the actual differences 
are smaller in the selenate group. The specific and molecular dis- 
persions of the selenates are higher than those of the sulphates, but 
the relations between the values for the different members of each 
group are the same. 

17. The molecular refraction of each of the three selenates for the 
state of solution in water is approximately, but not exactly, the same as 
the mean of the three values for the crystal. When potassium selenate 
is dissolved in water, its refraction equivalent rises by 2°8 per cent. ; in 
the case of rubidium sulphate, a less rise of 10 per cent. is observed ; 
while for cesium selenate there is no longer a rise but a decrease, to the 
extent of 0°5 per cent. These slight differences, due to change of state, 
thus exhibit a progression, varying directly as the specific refractive 
energy and inversely as the atomic weight of the alkali metal con- 
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tained in the salt. Precisely similar differences for the two states 
are also observed in the sulphate group. 

18. The whole of the morphological and physical characters of the 
crystals of the three selenates have now been shown to follow the same 
order of progression, either direct or inverse, as the atomic weights of the 
three respective alkali metals which they contain. The intermediate 
member as regards atomic weight, rubidium selenate, has been found to 
occupy an intermediate position with respect to every property. For 
certain constants, such as the morphological angles and axial ratios, the 
density and the specific constants which involve it, this intermediate 
position is nearest to that of the cesium salt ; while for others, such as 
the refractive indices and the axial ratios of the optical indicatrix, and 
invariably, which is of the greatest significance, for the molecular phy- 
sical constants, the values for the rubidium salt are nearest to those for 
the potassium salt. Hence the replacement of rubidium by cesium is 
accompanied by a greater change in the nature of the molecule than 
the replacement of potassium by rubidium, such change being mani- 
fested by the greater modification of the morphological and physical 
characters of the homogeneous structure, the crystal, to which by its 
regular repetition the molecule gives rise ; the effect produced by the 
heavier cesium atoms, compared with that due to the atoms of 
rubidium, is thus greater than in mere simple proportion to the 
numerical value of the increase in atomic weight. These conclusions 
are independent of the temperature, and the remarkable optical 
phenomena exhibited by the crystals of cesium selenate, on raising 
their temperature, have been shown to be the direct regult of the 
continuity of the progression according to the foregoing rules. Hence 
the final conclusion with regard to these selenates is that— 

The whole of the morphological and physical properties of the crystals 
of the rhombic normal selenates of potassium, rubidium, and caesium 
exhibit progressive variations which follow the order of progression of the 
atomic weights of the alkali metals which the salts contain ; the variations 
are, therefore, functions of the atomic weight of the alkali metal, and 
usually functions which involve higher powers of the atomic weight than 
the first. 

A precisely similar conclusion was derived from the investigation of 
the sulphates of the same three metals. The results of the two in- 
vestigations are strikingly similar in every particular. A more or 
less specific character is imparted to each of the two groups by the 
fact that the replacement of sulphur by selenium does not produce an 
equal effect upon all three sulphates, but becomes less powerful in 
modifying the crystallographical characters as the weight of the initial 
molecule increases, that is, as the atomic weight of alkali metal present 
in the original sulphate increases. Hence the results for the two 
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groups are not represented by two parallel lines, but by two converging 
lines. While each group thus exhibits specific idiosyncrasies, the 
mutual relations of the members of the one group are identical with 
those of the members of the other. Moreover, the effect of replacing 
the lighter atoms of sulphur by the heavier atoms of selenium is 
invariably to produce variation in the morphological and physical pro- 
perties of a similar character to that produced when a lighter is replaced 
by a heavier alkali metal. 

Hence the results of these two investigations, as well as those 
derived from the investigation of the double sulphates, whose details 
were presented to the Society last year (Trans., 1896, 69, 344), agree 
with the assumption that— 

The characters of the crystals of isomorphous series are functions of 
the atomic weight of the interchangeable elements, belonging to the same 

JSamily group, which give rise to the series. 

That is to say— 

The difference in the nature of the elements of the sume family group 
which is manifested in their regularly varying atomic weights, is also 
expressed in the similurly regular variation of the characters of the crystals 
of an isomorphous series of salts of which these elements are the inter- 


changeable constituents. 


LXXXII.—The so-called Hydrates of Isopropylic Alcohol. 
By Taos. Epwarp Taorreg, LL.D., F.R.S. 


ERLENMEYER, in 1863 (Annalen, 126, 307), announced the existence of a 
hydrate of isopropylic alcohol of the composition 2C,H,0,H,O. It 
was stated to be formed when the aqueous alcohol, after being treated 
with dry pearl-ash, was digested with anhydrous copper sulphate. It 
was described as boiling at about 80°, and contained, theoretically, 
13:0 per cent. of water. This hydrate has the same percentage com- 
position as ethylic alcohol, and boils at very nearly the same 
temperature. 

Two years later, Linnemann (Annalen, 1865, 136, 40) isolated two 
more hydrates, 3C,H,0,2H,O and 3C,H,0,H,0. The first was said to 
be obtained by careful distillation of aqueous isopropylic alcohol from a 
water bath. It boiled between 78° and 80° (Bar. 738 mm.) and con- 
tained theoretically 16°66 per cent. of water. The second hydrate was 
procured by treating the first hydrate with dehydrated copper sul- 
phate. It boiled at 81°, and its formula implies that it contained 
9°09 per cent. of water. 
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Lastly, Ruhemann and Carnegie (Trans., 1888, 427) found that an 
aqueous solution of isopropylic alcohol, after saturation with potash, 
and desiccation over solid potash, yielded a fourth hydrate, 
C,H,0,H,O, boiling between 78° and 79°; this theoretically should 
contain 23°08 per cent. of water. 

Pure dry isopropylic alcohol boils at about 82°. On the addition of 
water, the boiling point falls, and, as shown by the above statement, to 
an extent depending, within certain limits, on the amount of added 
water. All the several hydrates are included within a comparatively 
small range of boiling point—some 3° or 4° at the outside—whereas 
the amount of water they contain varies from 9 to 23 per cent. 

The action of water in depressing the boiling point of an alcohol is, 
of course, not peculiar to the case of isopropylic alcohol. It has been 
observed also in the cases of methylic, ethylic, and allylic alcohol, all 
of which, like isopropylic alcohol, boil below 100°. I am not aware 
that this fact has been held to indicate the existence, or to be con- 
nected with the presence, of definite hydrates of these alcohols. 

In the course of an inquiry concerning the validity of certain 
methods of determining the amount of ethylic alcohol in commercial 
fusel-oils, it was necessary to have regard to the possible influence of 
these hydrates of isopropylic alcohol. Some preliminary experiments 
on the behaviour of isopropylic alcohol containing water led me to 
doubt their existence as distinct chemical entities, capable of being 
definitely isolated. The facts appeared to indicate that, within cer- 
tain fairly wide limits, water and the alcohol would distil together 
in indefinite proportions, and a study of the original papers served to 
render this surmise still more probable. Not only were the boiling 
points of the so-called hydrates very close together, but they were 
never quite constant in the case of any particular hydrate. Moreover, 
the analytical data adduced as evidence of the composition of these 
substances were not always very conclusive. Thus, in the case of the 
monohydrate, the percentage amount of hydrogen, in presumably dif- 
ferent preparations, varied from 12°6 to 13°7. Lastly, it will have been 
noticed that the two hydrates, 2C,H,O,H,O and 3C,H,0,H,O—the 
one containing 13 and the other 9 per cent. of water—were obtained 
by the same method of dehydration. 

About 300 c.c. of isopropylic alcohol containing a small quantity 
of water was submitted to distillation, and the distillate collected 
in three fractions. Bar. 772mm. Fraction I boiled between 80°2° 
and 81°2°, and had a relative density of 0°8107 at 4°/4°. Frac- 
tion IL boiled between 81°2° and 82°2°, and its relative density was 
0°8076 at 4°/4°. Fraction III boiled between 82°2° and 83-5°, and 
its relative density was 0°8038 at 4°/4°. It will be seen that the 
relative density of each fraction diminishes as the boiling point in- 
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creases—or, in other words, that the water passes over in largest pro- 
portion in the first fractions. To each portion a quantity of anhydrous 
copper sulphate was added. It was quickly evident, from the dif- 
ferent intensity of the green tint, that the greater quantity of the 
water had distilled over in the fraction of lowest boiling-point. 

After a week’s agitation with the copper sulphate, the liquid was 
again distilled into three fractions as before, and the relative densities 
again taken. Bar. 766 mm. The results were as follows : 


Fraction. Density at 4°/4°. 
T. 80°4°—81°6°. 0°8048 
IT. 81°6°—82:2°. 0:8028 
IIT. 82:1°-——83-2°, 8-8008 


The range of boiling point, it will be seen, was but slightly affected, 
whereas that of the relative density is considerably less. Each 
fraction was again treated with dehydrated copper sulphate. In the 
last fraction, the colour of the salt was practically unchanged ; 
whereas in the others it became slightly green, and most markedly 
so in the first. As before, the water passed over in largest pro- 
portion in the fraction of lowest boiling point. 

After another week’s contact with the copper sulphate, the alcohol 


was again submitted to distillation, three fractions being collected, of 
which the boiling points and relative densities were as follows. 
Bar. 748 mm. : 


Fraction. Density at 4°/4°. 
I. 80°8°—81:2° 0°8009 
II. 81:2°—81°5° 0°8001 
ITI. 81°4°—82-2° 0°7999 


The range of boiling point is now seen to be smaller, and the 
densities are more nearly in accord. On treatment with dehydrated 
copper sulphate, only the first fraction gave any perceptible green 
tinge to the salt. 

After two more repetitions of this treatment, the whole of the 
liquid was found to boil between 80°7° and 81°7°, by far the greater 
portion distilling between 81°‘2° and 81°3°. Bar. 741 mm. It was 
collected as before in three fractions, of which the relative densities at 
4°/4° were, respectively, 0°7992, 0°7990, 0°7991, that is, the whole 
liquid was of almost uniform density. It had, apparently, no further 
action on dehydrated copper sulphate ; the salt remained quite white 
even after standing in contact with the alcohol for nearly a fortnight. 

It would appear, however, that copper sulphate, as in the case of 
ethylic alcohol, is incapable of removing the last traces of water 
from isopropylic alcohol. By boiling the alcohol over freshly heated 
lime, in connection with a reflux condenser for some time, and sub- 
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sequently distilling, the relative density at 4°/4°, taken on two 
separate fractions, was found to be 0°7982 and 0°7982. At 15°/15°, 
it was 0°7903. No further reduction was observed, and the alcohol 
thus obtained was regarded as practically anhydrous. Zander found 
0°7996 at 0° (Annalen, 214, 154). The liquid now boiled almost entirely 
between 80°9° and 81°4°. Bar. 738 mm. The corrected and reduced 
boiling point may be taken as 82°:1°. 

The phenomena observed in distilling a mixture of isopropylic 
alcohol and water are not peculiar to this particular mixture. 
Ethylic alcohol, which is supposed to retain water with extraor- 
dinary tenacity, exhibits, according to Simmering, the same behaviour. 
Le Bel, by fractionating a 98 per cent. ethylic alcohol, obtained a 
distillate containing 97:4 per cent., whilst the residue in the flask 
contained 99°5 per cent. of the alcohol. 

It is conceivable, of course, that hydrates of isopropylic alcohol 
may exist at ordinary temperatures but may suffer more or less 
dissociation when heated. 

The following experiments were made to test this supposition, A 
quantity of anhydrous isopropylic alcohol was mixed with water in 
the proportion required by the formula C,H,O,H,O. The relative 
density of this mixture, the so-called monohydrate, was 0°8485 at 
15°/15°. It was placed in a suitable vessel over sulphuric acid (which 
readily absorbs both vapours) within a large bell-jar, and allowed to 
remain at the ordinary temperature until it had lost 52-9 per cent. of 
its weight. The relative density of the residue at 15°/15° was now 
08303, or the percentage amount of alcohol had risen from 76°9 to 
84:6. Although the substance, to begin with, presumably consisted 
wholly of the monohydrate, the water was found to have evaporated 
faster than the alcohol. The substances were therefore not in stable 
chemical union even at ordinary temperatures. 

A similar experiment was made with a mixture corresponding to 
Linnemann’s ‘hydrate,’ 3C,H,O,2H,O. This had a relative density 
of 08332 at 15°/15°. After 96 hours’ exposure over the oil of 
vitriol at the ordinary temperature, the mixture having lost 48 per 
cent. of its weight, the relative density was 0°8127 at 15°/15°; or 
the proportion of alcohol had risen from 83°3 to 91-7 per cent. 

Erlenmeyer’s ‘hydrate,’ 20,H,O,H,O, which was found to have 
a density of 0°8244 at 15°/15°, was treated in the same way. After 
78 hours’ exposure, when the mixture had lost 49-3 per cent. of its 
weight, its density had fallen to 0°8033; or the percentage amount 
of alcohol had risen from 86°9 to 94°8. 

Hence there is no more evidence of the existence of these ‘hy- 
drates,’ as stable combinations, at ordinary temperatures, than there 
is of their existence at higher temperatures. Both the constituents 
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vaporise together at all temperatures in a state of mixture and not 
in chemical combination, and at rates depending on their vapour 
pressures and diffusibilities. 

A further proof of this fact is seen in the circumstance that when 
a stream of air is led through the mixture at ordinary temperatures, 
the proportion of alcohol increases. A mixture of isopropylic alcohol 
and water in the ratio demanded by Linnemann’s formula, 3C,H,O,H,0O, 
and having the relative density 0°8146 at 15°/15°, was subjected to 
this treatment. After 7} hours’ passage of the air, when the mixture 
was found to have lost 54°5 per cent. by weight, its density at 15°/15° 
was 0°8103, or the amount of alcohol had risen from 90-9 to 92°6 per 
cent, 

It seems therefore established that these so-called hydrates are not 
definite chemical compounds, but are merely mixtures of the alcohol 
and water. 

When the relative densities of these mixtures are plotted in terms 
of the amount of water they contain, the values are found to lie on 
what is very nearly a straight line ; or, in other words, the density of 
the aqueous alcohol is, within the limits studied, very nearly a linear 
function of the amount of contained water. Hence, between these 
limits, it is easy to determine the percentage amount of alcohol from 
the relative density of the mixture. 

The following table shows the relative density of a mixture of 
isopropylic alcohol and water containing amounts of alcohol varying 
between 100 and 75 per cent. It is from this table that the amounts 
of alcohol in the partially evaporated mixtures have been deduced : 


Table showing the Relative Density of Mixtures of Isopropylic 
Alcohol and Water. 


Temp. 15°/15°. 


Alcohol, 


Alcohol, 
per cent. 


Alcohol, 
per cent. 


per cent. 


Density. Density. Density. 


0°7903 | 0°8144 0°8365 
0°7931 0°8169 0°8389 
0°7958 | 0°8194 0°8412 
0°7985 | |  0°8219 0°8486 
0°8012 | 0°8244 0°8459 
08039 0°8268 | 0°8483 
0°8066 | | 0°8293 0°8506 
0°8092 | 0°8317 |  0°8529 
0°8118 | 0°8342 
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I desire, in conclusion, to express my indebtedness to Mr. George 
Stubbs, of the Government Laboratory, for the skill and care with 
which he has carried out the experimental work connected with this 
inquiry. 

THE GOVERNMENT LABORATORY, 

LonDON. 


LXXXIII—The Theory of Osmotic Pressure and the 
Hypothesis of Electrolytic Dissociation. 


By Hotianp Crompton. 


Accorpine to Van’t Hoff’s well-known theory, a substance in solu- 
tion is in a condition strictly comparable with that of the same sub- 
stance in the gaseous state, and exercises a pressure—its osmotic 
pressure—which is equal to that which would be produced if the solvent 
were entirely removed and the substance thus left in the state of gas 
in a volume equal to that originally occupied by thesolution. In other 
words, if 1 gram-molecule of any substance is dissolved in any solvent, 
the solvent being taken in such quantity that the solution formed has 
in all cases a volume of 1 litre, the osmotic pressure will always be the 
same, and given in the customary units by 22°32+760 mm. at 0°C, 
That this is actually the case was shown by Van’t Hoff for a solution 
of cane-sugar in water, making use of Pfeffer’s directly determined 
values for the osmotic pressure. 

It has been shown by Arrhenius (Zeit. physikal. Chem., 1889, 3, 115), 
and the proof, which is a simple and elegant one, need not be repeated 
here, that if P is the osmotic pressure of a solution containing » mole- 
cules of any dissolved substance and N molecules of the solvent, d the 
density of the liquid solvent, D the density of the vapour given off by 
the solution, and T the absolute temperature, the value of P is propor- 
tional to ndT/ND. To calculate from this the osmotic pressure of a 
solution containing m molecules of a dissolved substance in unit volume 
of the solution, or if the ‘solution is very dilute we may say in unit 
volume of the solvent, we must substitute for N the number of mole- 
cules in unit volume of the solvent, that is d/M. Here M is the mole- 
cular weight of the solvent, and if we assume that the liquid solvent 
and its vapour have the same molecular weight, is at any constant 
temperature T a simple constant multiple of D for all solvents. Then 
if n is constant, our osmotic pressure becomes also absolutely constant, 
and we have, in fact, Van’t Hoff’s law, that x molecules of a dissolved 
substance in unit volume of any solution have, if the solution is dilute, 
the same osmotic pressure at constant temperature. 
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But in the above an assumption has been made that is not in every 
case justifiable, this being that the liquid solvent and its vapour have 
always the same molecular weight; for it is now known, from the 
recent work of Guye, Ramsay and Shields, and others, that this is not 
the case. Although many liquids are what may be termed “ normal” 
or monomolecular*, the molecules of the liquid being the same as those 
of its vapour, in probably as many other instances liquids are found to 
be “associated,” the molecules of the liquid being built up of a certain 
number of the gaseous molecules. With liquids of this latter character, 
if M is the monomolecular weight of the compound, the molecular 
weight of the liquid will be 2M, where «xis the so-called factor of 
association and gives the number of normal molecules that combine to 
form one molecule of the associated liquid. Hence in a case of this 
kind, m normal molecules combine to form n/x liquid molecules. 

I think it will be granted at once that if the molecules of a pure 
solvent are associated, the association will be maintained in any solu- 
tion formed with that solvent, at any rate while the solution is dilute. 
For the dissolved substance, a similar point is not so immediately 
apparent ; and only when the solution is a concentrated one is there 
any likelihood that an associated compound would dissolve without 
some dissociation of the associated molecules. In concentrated solu- 
tions, then, the effect of association in the dissolved compound may be 
looked for, and as the solutions become more and more dilute, this 
effect will probably be less and less marked. 

If association has taken place in either solvent or dissolved sub- 
stance, what effect will this have on the osmotic pressure 4 

Let us suppose, in the first place, that the solvent is an associated 
liquid, and that it has not the monomolecular weight M, but the mole- 
cular weight «<M. We must then, in the expression given above, 
substitute for N, not d/M, but d/x<M, and we find that now the osmotic 
pressure is no longer constant for unit volume, but that 

P=const. x x. 

In other words, Van’t Hoff’s law does not hold in the form in which it 
was originally given when the solvent is an associated liquid, but in this 
case equal osmotic pressures can only be obtained when equal numbers 
of molecules of the dissolved (monomolecular) compound are dissolved 
in volumes of the different solvents which are proportional to the 
factors of association of these solvents. Or if, for monomolecular 
liquids, the osmotic pressure follows the general law 

PV=RT 
then, if the value of R is to be kept constant, an associated liquid 


must follow the law 
PV = RT. 


* L owe this term to the suggestion of Dr. Armstrong. 
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It frequently happens that the density of the saturated vapour of 
an associated liquid is abnormal ; indeed, this is probably the rule 
rather than the exception. The well-known instances of formic and 
acetic acids will suffice for illustrating this point, which is too generally 
recognised to need insisting on. If a compound is associated in the 
state of vapour as well as in the liquid condition, its vapour density 
will then be at T, say aD, if D is the normal density and a the factor 
of association of the vapour. If we allow for this new value in our 
general expression for the osmotic pressure, we shall find that for an 
associated liquid the vapour of which is also associated 

P = const, x/a, 
or from this, 

PV = RT2/a. 
If there is little difference between a and x, we may thus practically 
return to the condition of a monomolecular solvent, but in many cases 
(as, for example, with water, where a is small in comparison with «) the 
alteration which the osmotic pressure obtains by the introduction of 
the quantity a is almost nil. 

Let us next suppose that the solvent is a monomolecular one and 
the dissolved substance only associated. In such a case, if no account 
has been taken of the association, but if it has been tacitly assumed 
that the dissolved substance is monomolecular, the obvious error has 
been made of taking n/z,, where ~, is the factor of association, in 
place of m molecules of the substance. The effect of this on the osmotic 
pressure is that ite value for unit volume of the solvent becomes 


P = const, /z,, 


or generally, if associated substances are to yield in solution osmotic 
pressures equal to their normal gaseous pressures, the volume of the 
(monomolecular) solvent teken in each case must be inversely propor 
tional to the factor of association of the dissolved substance. In place 
of PV = RT, we have here then PV = RT/z,, 

Lastly, if both dissolved substance and solvent are associated, it is 
obvious that the osmotic pressure obtained is P=const. zag, or 
P = const. z/z, if a is #0 small that it may be neglected. The osmotic 
pressure obtained will now depend on the relative magnitudes of the 
factors of association, and if these are nearly alike and a is negligible, 
a normal value may be obtained. This appears to have been the case 
in the classical instance that has been already quoted, in which Van’'t 
Hoff calculated the osmotic pressure of cane-sugar in solution in water 
and found that this was equal to the normal pressure which the sugar 
should have in the gaseous state. Water, we know, is « strongly asso- 
ciated liquid, and the same thing may with confidence be asserted of 
cane-sugar, since compounds containing the hydroxyl group, the 

eS 
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alcohols, &c., are found to be invariably associated (compare also 
p. 944). In the case of water, as already pointed out, a is small, and 
therefore in an aqueous solution of cane-sugar x/ax, will approximate 
to unity. Hence it may be that by a lucky accident Van’t Hoff was 
able to prove his case, without the fundamental assumptions with 
reference to the molecular conditions of the dissolved substance and 
the solvent being entirely valid. 

The validity of the above deductions * cannot be tested at present 
in the case of the osmotic pressure itself, as this quantity has only been 
determined directly in a few cases, and in none of these with any great 
accuracy. But the known relation between the osmotic pressure and 
certain other properties of solutions may be utilised for this purpose. 

Suppose we have a solvent whose freezing point is T on the absolute 
scale and whose latent heat of fusion (for unit weight) is 7. Let some 
(monomolecular) substance be dissolved in this so as to produce a very 
dilute solution of freezing point T-68T, where 5T is very small. If 
from’ this solution unit volume v (say 1 ¢.c.) of the solvent is removed 
through a semi-permeable membrane, at the temperature T and under 
the osmotic pressure P of the solution, the quantity of work done will 
be Pv. Now freeze the unit volume of the solvent, for which a quan- 
tity of heat rd, where d is the density of the solvent, will be required. 


If the system is then cooled to T—6T, the frozen solvent returned to 
the solution and melted, and the whole system again heated to T, a 
complete cycle will have been performed. By application of the usual 
thermodynamic relation, we get 


Pv/rd = T/T. 


But it has been shown that Pu= RTa/a, where a is the factor of asso- 
ciation of the saturated vapour and that of the liquid. If this value 
is substituted for Pv in the equation, on integration with regard to T, 


we get finally 
rd/T = const. x/a, 


for since v has a constant value, R will also be constant. If the liquid 


* Exception has been justly taken to the reasoning given above on the ground 
that N in the Arrhenius formula comes in from an empirical law of Raoult (Compt. 
rend., 1887, 104, 1430), and through M’, which is the usual molecular weight of the 
volatile solvent, as deduced from its vapour density, and has nothing to do with the 
molecular condition of the solvent in the liquid state. It is therefore urged that 
the above is no proof that the molecular constitution of the liquid solvent has any 
influence on osmotic phenomena. This is, of course, quite true. The point claimed, 
however, is that N applies to the liquid, and that the molecular weight of the liquid 
should replace that of its vapour in the osmotic pressure formule. When this is 
done, as shown above, certain_new expressions are obtained, the validity of which 
can only be judged when they are brought into relation with experimental data, 
and this has been therefore attempted in what follows, 
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is a monomolecular liquid with a normal vapour density, the above 
becomes 


rd/T = const. 


This relation between latent heat of fusion, density, and freezing 
point of a liquid is obviously similar to the Trouton relation between 
the latent heat of vaporisation, molecular weight, and boiling point, on 
the absolute scale ; for the molecular weight may in normal cases be 
replaced by the vapour density of the liquid D, under standard con- 
ditions, and the Trouton formula then becomes 


1 D/T, = const. 


if 7 is the latent heat of vaporisation and T, the boiling point. 
Variations from this law, which holds for monomolecular liquids, are 
also met with in the case of associated compounds, as has been shown 
by Linebarger (Amer. J. Sci., 1893, [iii], 49, 380). 

In this place, it may perhaps be pointed out that we have now 
several means of ascertaining when liquids are monomolecular and 
when associated. The methods need not be recapitulated here, more 
especially as a résumé of the subject has recently been given by 
Traube (Ber., 1897, 30, 265). It will be sufficient to state that the 
methods hitherto pursued indicate that the hydrocarbons and their 
halogen derivatives, the ethers, most ethereal salts, most aldehydes 
and ketones, and probably the acid anhydrides, may be regarded as 
monomolecular liquids, Associated liquids are formed mor. particu- 
larly by those compounds which contain hydroxyl groups, the alcohols 
and allied compounds, the organic acids, the oximes, &&., by some 
nitro-compounds, and probably by many compounds containing 
amidogen, a group similar to hydroxyl in so many respects. 

In the following tables, the values for r and T are chiefly taken from 
my paper on the “Latent Heat of Fusion” (Trans., 1895, 67, 315). 
A few numbers have been corrected or added as the results of later 
researches. The values for d have been chiefly obtained from Beil- 
stein, or from Landolt and Bernstein’s tables, but in the cases of 
paratoluidine, thymol, urethane, diphenylamine, and benzophenone, 
the values are of my own determining. In some cases, the densities 
are not known at the melting points, or have only been determined 
for the solid compounds. Where any great uncertainty arises with 
reference to the value for the density, this is indicated by bracketing 
the number. As, in any case, close agreements cannot be looked for, 
the densities are only given to three decimal places. 
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Monomolecular Liquids. 
r d = 10rd/T 
Ethylene dibromide 12°94 2°192 2822 1:00 
Spermaceti 36°98 ~ (0°920) 316°9 (1:07) 
Benzene ' 0°887 278°4 0:96 
Paraxylene : 0-860 289°0 117 
Paradichlorobenzene ‘ 1:250 325°5 1°15 
Paradibromobenzene ......... : 1840 357°9 1-06 
Parabromotoluene ; 1°380 289°5 0°96 
Nitrobenzene * : 1-210 263°8 1:02 
Naphthalene ; 0-978 352°7 0°99 
Nitronaphthalene* , 1-233 329°0 0:97 
Dipheny] ‘ 0°996 343°2 0°83 
Benzophenone * ‘ 1215 321-0 0:90 
Azobenzene ; 1-048 342-0 0°87 
(1°534) 3168 (1°42) 
Parachloronitrobenzene . . (1°320)  355°0 (0°80) 
Dichlororthoxylene (1°3) 328°0 = (1°15) 
Dichlorometaxylene 1:230 307:0 1:07 
In the following cases, r has been calculated from the molecular 
reduction of the freezing point : 


0924 343 1:27 

1°250 319 1:06 

Diphenylmethane : 1-000 300 0:90 
Anethoil 0-989 294 0°94 
2°850 280°8 1:10 

1:045 265 0°93 

Dimethylaniline ‘ 0-970 272°5 0°90 
Acetophenone * ; : 1-029 292°5 1-05 
Phenanthrene : 1063 369°2 0°65 
Veratrole 1-086 288 0°96 
Mean value of 10rd/T, omitting bracketed numbers = 0°99 


Associated Liquids. 

d T 10rd/T 

1-000 273°0 2°93 

1°253 265°5 2°71 

1°053 289°9 1°61 

0°875 316°4 1°24 

Myristic acid . 0°862 326°8 1°25 
Palmitic acid : 0°853 328°0 1:02 
Stearic acid 0°845 337°0 119 


* The normal character of these compounds is doubtful. 
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d T 0rd/T 
334°2 1‘71 


Monochloracetic acid 
283°8 0°76 


Dichloracetic acid 
Trichloracetic acid 332°1 0°42 
Phenylacetic acid 347°8 0°79 
Crotonic acid “ (1010) 340-4 (0°75) 
Glycerol 1:269 286°0 1°89 
Chloral hydrate 1-645 319°0 1°71 
Bromal hydrate (3°5) 319°0 = (1°85) 
Methylic oxalate 1148 322°5 1°52 
Urethane 1-060 321°7 1:34 
Paratoluidine 39° 1:970 311°9 121 
Parachloraniline 37° (1°2) 342°0 = (1°30) 


1-065 298°4 0°89 
1025 307°0 0°88 
0°950 3212 0°81 
Orthonitrophenol 26: 1°294 
In the following cases, 7 has been calculated from the molecular 


315°8 1‘10 


reduction of the freezing point : 
Capric acid 
Phenylpropionic acid 


0°935 303 1°25 
1-071 322 083 
0°817 322 087 
Acetoxime 0-902 333 112 
Urethylane z 1-124 325 1:67 
Parabromophenol (1°60) 337 1:09 
Benzoic acid 1-082 395°8 1-08 

esorcinol 1179 383°1 1°37 


It will be seen, by reference to the above tables, that a practically 
constant value is obtained for rd/T in the case of monomolecular 
liquids, more especially if the fact is taken into account that a some- 
what wide margin must be allowed in many instances for experimental 
error. The mean value is about 0°099, and I have therefore throughout 
multiplied rd/T by 10, as by so doing it may be said generally that 
variations from 0°99 (or, roughly, from unity) afford a measure of the 
values of z/a in the case of associated liquids. 

In the case of associated compounds, the results are again generally 
consistent with the theory. Water in this instance, as in so many 
others, is found to give a value which indicates that « is somewhere 
about 3. Formic acid and acetic acid give lower values than water, 
but in the case of these compounds a is of some magnitude, and this 
in part accounts for the lower values obtained. The decrease in 
the association of the fatty acids with rising molecular weight is 
very noticeable, and is entirely in keeping with the similar observation 
of Ramsay and Shields, 


9382 CROMPTON: THE THEORY OF OSMOTIC PRESSURE AND 


There are some marked exceptions. Thecase of the three chloracetic 
acids is a striking one, and more especially the entirely abnormal value 
in the case of trichloracetic acid. Pickering, who determined the 
latent heat of fusion of the chloracetic acids (Trans., 1895, 67, 664), 
remarks on certain peculiarities exhibited by the heat capacities of 
these compounds, which would appear to indicate that either in certain 
cases there is no sharp melting point, but that the melting takes place 
over a fairly wide range of temperature, or that the heat capacities 
vary considerably with the temperature. At the same time, it 
may be pointed out that, whereas Paternd found that monobrom- 
acetic acid in benzene gives a value for the molecular reduc- 
tion of the freezing point (27:7) which points to association in 
the acid, the value obtained by Auwers for értbromacetic acid in the 
same solvent (50°7) is that of a normal compound. Pickering’s obser- 
vations on the abnormal behaviour of the chloracetic acids probably 
afford a clue to the exceptions noticed in the case of compounds of a 
phenolic order which soften before melting, phenol, thymol, and para- 
cresol. I have, on a former occasion, called attention to the low 
values of the latent heats of fusion of these compounds. 

In the following tables, I give the values of rd/T for those elements 
and inorganic compounds whose latent heats of fusion are known. 


Elements. 
d 10rd/T 
Mercury : 13°69 1°65 
Gallium : 5°95 3°98 
i 7-01 1°86 
Cadmium , 7°99 1°84 
Bismuth 2° 10°02 2°32 
10°64 1:00 
6°48 2°65 
9°51 1:58 
Palladium ' (11-4) (2°33) 
Platinum 27° (21-4) (2°83) 
Thallium” ' (11:5) (1.04) 
0°93 0°80 
0°83 0°39 
(19-3) (2°36) 
Aluminium ‘s (2°6) (0°82) 
Bromine ; 3°2 1°94 
Todine : (4:9) (1°48) 
Phosphorus , 1-75 0°28 
Sulphur . 1°81 0°43 
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Inorganic Compounds, 

d T 10rd/T 
1°51 263°0 1°85 
3°11 289°5 1°52 
1°84 283°5 1:56 
1‘78 281°5 2:53 
1:49 290°4 1°87 
1°65 291-0 2°12 
1°88 291-0 1°67 
5:8 758-0 1°60 
6°6 763°0 1:07 
6:2 648-0 1-10 
2°1 606°5 1°69 
2°2 578°5 2°46 

CaCl,,6H,O ‘ 1°65 301°5 2°23 
Ca(NO,),,4H,0 ... ; 1°82 315°4 1°93 
Na, HPO,,12H,0.. ' 1°54 309°4 3°32 
Na,S,0,,5H,0..... ‘ 1:74 282-9 2°31 
Na,SO,,10H,0O.... ; 1°46 305°4 2°45 


The numbers given here cannot, in many cases, lay any great claim 
to accuracy, and therefore some caution must be exercised in drawing 
conclusions from them. The low values given by sodium, potassium, 
phosphorus, and sulphur are striking, but the three first of these 
elements soften long before the true melting point is reached, and the 
abnormally low values for the latent heat of fusion in these cases is 
probably explained as with the chloracetic acids. Attention may be 
drawn here to the value given by mercury, which points decidedly 
to association, and from which it may be argued that the monatomic 
molecule of the vapour does not remain entirely unchanged in the 
liquid. An explanation would be afforded by this of the peculiar 
values obtained by Ramsay (Trans., 1889, 55, 521) for the atomic 
weights of certain of the metals determined by measuring the reduc- 
tion which they effect in the vapour pressure of mercury. It will be 
remembered that sodium, potassium, barium, and calcium gave numbers 
which accorded with the assumption that these metals have much 
lower atomic weights than those usually accepted—in some cases, 
hardly more than one-half. If, as appears likely for both sodium and 
potassium, these metals form monomolecular liquids, and liquid mercury 
is associated, this peculiarity is fully explained. 

Among inorganic compounds, the association indicated in the cases 
of the acids and those crystalline salts which contain water of crys- 
tallisation is precisely what one would expect to find in these compounds, 
It is noteworthy that the only salts which appear to behave normally 
are the anhydrous haloid salts of lead. The number given by N,Q, is 
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singular. Ramsay and Shields place N,O, among the monomolecular 
liquids, assigning to it, however, the molecular weight 92, which is 
that corresponding to the formula N,O,. It appears more likely, from 
the result arrived at here, that the normal (or chemical) molecule of 
nitrogen tetroxide has the formula NO, and molecular weight 46, and 
that the compound is one which behaves as acetic acid does on passing 
from the liquid to the gaseous state, the liquid being an associated 
one. With the molecular weight 46, the liquid would, according to 
the results of Ramsay and Shields, be associated. 

There is strong evidence, then, of the general accuracy of the relation- 
ship rd/T =const. for monomolecular liquids, or rd/T =const. x/a for 
associated liquids. In my paper, already quoted, on tie latent heat of 
fusion, I endeavoured to show that a relationship of the order Mr/T = 
const. Sv was true for the latent heat of fusion, where M is the 
molecular weight and =v the sum of certain practically constant values 
peculiar to the atoms of which the molecule is composed, which values 
I connected with the valencies of the atoms in each case. Taking the 
equation 7d/T=const. we get, if both sides are multiplied by M, the 
relationship Mr/T=const. M/d, that is, we find that Mr/T is propor- 
tional to the molecular volume in the case of normal compounds, or to 
the sum of the atomic volumes. That this should be the case, I have 
had occasion to point out in another place (Ber., 1895, 28, 148). I 
may, therefore, here repeat with greater emphasis what I stated in my 
former paper, that “the results arrived at in this paper at any rate 
show that the quantity Mr/T is, in the case of compounds, an additive 
function, and is made up of certain practically constant values which 
are peculiar to the atoms of which the molecule is composed.” 

The relationship rd/T = const. w/a, which has now been shown to hold 
in the case of associated liquids, affords evidence that for these the 
equation used in its derivation Py=RTz/a is also true. In order to 
follow out yet further the effect which association has on the osmotic 
pressure of solutions, recourse may be taken to the reduction of the 
freezing point.* It has been shown by Van’t Hoff that if we remove 
from a dilute solution,—under the osmotic pressure P of the solution 
and at the freezing point of the solvent T,—the volume v of the solvent 
in which 1 gram-molecule of the dissolved substance is contained, 
freeze the solvent so removed by taking from it the latent heat of 
fusion p of the volume », and then return the solid solvent to the solu- 
tion at the freezing of the solution T-8T, and by heating the whole 
back again to T complete the cycle, we get 

Pe/p=8T/T. 


* The raising of the boiling point might be employed for the same purpose and 
leads to similar results. At the boiling point of liquids the association is not, 
however, so marked as at the freezing point, and for this reason the freezing point 


has been chosen. 


THE HYPOTHESIS OF ELECTROLYTIC DISSOCIATION, 935 


If, in accordance with Raoult’s method, we take the gram-molecule 
dissolved in 100 grams of the solvent, then p= 100r, and placing 8T = EK, 
we have Pv/1007= E/T, an equation from which by application of the 
gas equation Py=RT, in which R has, for the case in question, the 
constant value 1‘976, Van’t Hoff derives the well-known formula 


B= 001976 T*/r, 

But it has been shown above that the gas equation Py=RKT only 
holds for monomolecular substances in monomolecular solvents and 
requires modification in those cases in which association occurs, We 
have, in fact, the following possible cases : 

1. Monomolecular compounds in monomolecular solvents, 


Pv= RT and E= 001976 T?/r, 


2. Associated compounds in monomolecular solvents, 


Po=RT/z, and B= 001976 T*/rz,, 


that is, the molecular reduction of the freezing point is lower than that 
calculated by the Van’t Hoff formula. 


3. Monomolecular compounds in associated solvents, 
Po=RTz/a and E=001976 T*z/ra, 


the molecular reduction of the freezing point is higher than that 
calculated by Van’t Hoff's formula by an amount depending on the 
relative magnitudes of « and a, 

4. Associated compounds in associated solvents, 


Po= RT z/az,, and E= 001976 T%z/ram,, 


The values obtained for the molecular reduction in this last case will 
depend on the relative values of z, z,, anda. It is obvious that the 
general tendency will be towards the production of values in agree 
ment with those calculated by the Van’t Hoff formula. 

That monomolecular compounds in monomolecular solvents give 
values for the molecular reduction of the freezing point in agreement with 
Van't Hoff's formula, is a point that now hardly requires illustration. 
The values given by the hydrocarbons, their halogen derivatives, the 
ethereal salts, and, in fact, by nearly all organic compounds, with the 
exception of those which contain hydroxyl or amidogen groups, in such 
monomolecular solvents as benzene, naphthalene, parabromotoluene, 
paraxylene, nitrobenzene, ethylene dibromide and others, have abun 
dantly proved the application of the formula to these eases, 

No one who is sequainted with the recent developments of eryo 
scopic research can fail to recognise the truth of the second proposition. 
Raoult long ago noticed (Comyt. rend.,18%4,102, 1307— 130%) that com. 
pounds containing hydroxy), euch 2s the sloshols and acide, gave much 
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smaller molecular reductions in benzene, naphthalene, nitrobenzene, 
and ethylene dibromide than are found for monomolecular compounds, 
Fabinyi (Zeit. physikal. Chem., 1889, 3, 38) found that the organic 
acids give lower molecular reductions in naphthalene than do mono- 
molecular compounds. Auwers (ibid., 1893, 12, 689 ; 1894, 15, 33; 
1895, 18, 595 ; 1896, 21, 337) has placed on record many instances of 
abnormal behaviour in benzene and naphthalene solutions, the general 
result being that the majority of those compounds which contain 
hydroxyl, and also the primary amides, behave as associated com- 
pounds. Similar results have been obtained by Paternd. Ampola and 
Manuelli (Gazzetta, 1895, 25, ii, 91) find that the hydrocarbons and 
other organic compounds of the monomolecular type give higher values 
for the molecular reduction of bromoform than do the alcohols, the 
phenols, and the acids. A similar fact has been noticed by Paternd 
(tbid., 1896, 26, ii, 1) for parabromotoluene, and by Ampola and 
Carlinfanti (<bid., 1896, 26, ii, 76) for nitrobenzene. 

A very important point in connection with the abnormal values 
given by associated compounds in monomolecular liquids is that with 
increasing dilution the abnormality usually becomes less and less 
marked, and there is indication of the association becoming smaller 
and smaller. In fact, a decrease of the osmotic pressure of the asso- 
ciated molecules seems to have the same effect that an increase of 
temperature has, according to Ramsay and Shields, on the association. 
The result is one which is to be expected, for increase in temperature 
or decrease in osmotic pressure should have the same effect on the 
molecules of a fluid. This has, however, been put forward in sup- 
port of the view that the association observed is rather that of the 
vapour of the compound than of the compound in the liquid condition. 
Thus, to explain the abnormal behaviour of acetic acid in benzene, we 
have been reminded that acetic acid vapour has at low temperatures an 
abnormal density, and that the behaviour is only what we may expect 
from the analogy between a dissolved substance and the same substance 
in the gaseous state. When acetic acid gives a normal value in an 
associated solvent even in fairly concentrated solutions, we are then 
told that the specific influence of the solvent (denied in other cases, for 
no very ostensible reasons) has induced a dissociation of the complex 
molecules. But all the substances which give abnormal values in 
monomolecular solvents have not abnormal vapour densities, and 
a comparison of the degree of abnormality, if it may be so termed, 
shows that this runs in the order of the factors of association. 
Raoult found for methylic aleohol in benzene (the normal molecular 
reduction of which is about 51) a value of 25°3; for ethylic alcohol, 
28°2.; for amylic alcohol, 39°7. Ramsay and Shields give the factors 
of association as 3°43 for methylic alcohol, 2°74 for ethylic alcohol, 
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and 1:97 for amylic alcohol. Again, Raoult found for formic acid 
23°2, and for acetic acid 25°3, and from Paternd’s determinations 
we find for propionic acid 27°7, and for capronic acid 29'3, Ramsay 
and Shields’ values for the factors of association are, formic acid, 3°6 ; 
acetic acid, 3°6 ; proprionic acid, 1:77 ; capronic acid, 1°49, The num- 
bers of Ramsay and Shields quoted here are the uncorrected numbers 
of their first paper, and probably are far from being absolutely 
accurate, but they may, at any rate, be taken as giving the order 
of the values of the association in each case. 

The behaviour of associated liquids as solvents in cryoscopic deter- 
minations is somewhat more difficult to deal with. Before passing to 
the discussion of these, there is one point of general criticism with 
reference to cryoscopic work which must be offered, as this materially 
affects the results at issue. 

It has, up to the present time, been apparently admitted without 
question that the relative magnitudes of the vapour pressures of the 
dissolved substance and the solvent of a solution, at the freezing point 
of the latter, do not require to be taken into consideration when the 
reduction of the freezing point of the solvent is in question, as they 
necessarily do when the reduction of the vapour pressure of the solvent 
(raising of the boiling point) is to be determined. Yet, at the same 
time, it has been shown that there is an intimate connection between 
the reduction of the vapour pressure and the reduction of the freezing 
point of a solvent by a dissolved substance, and that the vapour 
pressure of a solid which separates from a solution on freezing must 
be equal to that of the solution from which it separates, as other- 
wise equilibrium between the two would be impossible. From this it 
follows that if the dissolved substance has at the freezing point of the 
solution a negligible vapour pressure, the pure solvent freezes out from 
the solution, and the solid solvent has a vapour pressure equal to that 
of the liquid solvent with which it is in equilibrium. But if the 
vapour pressure of the dissolved substance is not negligible, for ex- 
ample, if the solution is one of ether in water, or of benzene in acetic 
acid, the pure solvent in solid form cannot, at the same temperature, 
have a vapour pressure that will exactly balance that of the solution, 
and it is difficult to see how the two can possibly, under such circum- 
stances, be in equilibrium with one another. In a case of this kind, it 
appears necessary that some of the dissolved substance should freeze 
out with the solvent, forming with the latter a solid solution the 
vapour pressure of which would equal the vapour pressure of the liquid 
solution from which it separates. In other words, if the vapour pres- 
sure of the dissolved substance is not negligible in comparison with 
that of the solvent, the ideal condition which is supposed to hold when a 
solution freezes, that of the separation of the pure solvent in solid form 
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from the solution, cannot be maintained. In place of the pure solvent 
a solid solution may be expected to freeze out, and the observed 
reduction of the freezing point is therefore less than it should be under 
normal conditions (Van’t Hoff, Zeit. physikal. Chem., 1890, 5, 322). 

I have satisfied myself by direct experiment that the ice which 
separates from a dilute solution (less than 3 per cent.) of ether in 
water contains, after being washed free from mother liquor, very 
appreciable quantities of ether, and the presence of alcohol can be 
readily detected in the ice which separates from a dilute solution of 
alcohol in water. But the results obtained by different observers for 
the molecular reduction of the freezing point in the case of substances 
of different volatility in one and the same solvent, point still more 
conclusively to the influence which the volatility of the dissolved com- 
pound has on the results. I have been careful in the following table 
to select only solutions containing monomolecular liquids as dissolved 
substances in order to avoid the influence of association, and also as far 
as possible to compare only observations made by one and the same 
experimenter, as being probably more truly comparable : 


Solvent. Dissolved substance. : Observer. 

Formic acid Naphthalene , Zanninovich- 

si Benzene : Tessarin. 
Acetic acid Naphthalene 

m= Benzene 
Benzene Naphthalene 

.. Chloral 

Nitrobenzene 


Naphthalene 
m Benzaldehyde 
Phenanthrene Stilbene 
Naphthalene 
Azobenzene ) 
Diphenylmethane ... ‘5 > Eijkman. 
“7 Carbon tetrachloride 70: aj 
Phenylpropionic acid Naphthalene 88 én 
stg Gals canals. a } Bijkman, 
Stearic acid Dibromobenzene 
Naphthalene Eijkman. 
Benzene 44 
Water i 17-7 Raoult. 
16°6 Raoult. 
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I am quite ready to admit that some of these instences may be 
accounted for by chance experimental error, but it is difficult to believe 
that this can be the case for all, especially as the differences are some- 
times very appreciable. The inference which is to be naturally drawn 
is that the volatility of a dissolved substance exercises an influence on 
the reduction of the freezing point of a solvent. It may be further 
inferred that, were the differences in volatility greater than in the 
instances here given, greater differences would be met with in the 
reductions. It is impossible, however, at present to estimate accurately 
the effect of the volatility of the dissolved substance and impossible 
therefore to go beyond this point. 

The importance of these considerations appears more particularly 
from the fact that associated compounds belong as a class to the less 
volatile, and monomolecular compounds to the more volatile liquids. 
It is rendered still more important by there being apparently very 
little tendency for associated liquids to dissolve monomolecular com- 
pounds, and it is, asa rule, only the more volatile of the latter that are 
found to be soluble * in solvents of this class. I find it almost im- 
possible, therefore, to bring forward cases of compounds of recognised 
monomolecular character in solution in associated solvents against 
which the objections pointed out above do not apply. 

Monomolecular organic compounds, as a class, are insoluble in water, 
and the determinations made with ethylic acetate and ether are 
apparently the only cases on record for this solvent, if that of chloral 
be omitted on account of the immediate formation of its associated 
hydrate when this compound is dissolved in water. Ether I have 
found, as stated, crystallises out with the ice, and it is exceedingly 
probable that the same is true of ethylic acetate ; it appears, therefore, 
that little or no value attaches to the determinations. Formic acid 
appears also to dissolve only the more volatile monomolecular organic 
compounds. The latent heat of fusion of formic acid is given by 
Pettersson as 57°38 at the temperature —7°5°. Assuming that the 
formula r/T=const. holds for a small range of temperature, the 
latent heat at +7°1°, the melting point of the pure acid would be 
60°53, and the normal value of E=0-01976 x 280°17/60°53 = 25°61. 
Benzene, as already pointed out, gives 25:4, naphthalene 29-2, and 
Raoult found for chloroform 26°5 and for ether 28-2. These numbers 
are, with the exception of that for benzene, somewhat higher than the 
theoretical, but the influence of the volatility of the compound 
probably depresses them far below the true values. In this place, the 
behaviour of hydrogen chloride in formic acid may be mentioned. The 
number found by Zanninovich-Tessarin (Zeit. physikal. Chem., 1896, 


* It appears to be a general rule that monomolecular compounds are soluble in 
monomolecular compounds and associated compounds in associated com pounds, but 
that solubility of either class of compound in the other is exceptional. 
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19, 251) for the molecular reduction is 13-4, and the explanation 
offered is that hydrogen chloride, a compound which has been shown 
to give no sign of association in the gaseous condition (Biltz, Zezt. 
physikal. Chem., 1892, 10, 354), even at very low temperatures, forms 
double molecules in this solvent. This hypothesis is quite unnecessary 
if the effect of the extreme volatility of hydrogen chloride on the 
molecular reduction is allowed. 

Acetic acid has a latent heat of 44:28 at the normal melting point 
16°9° (Pickering), and the theoretical value of E is 0°01976 x 
289°9?/44:28 =37°50. Raoult found for the highly volatile hydrogen 
chloride, 17:2 ; for the less volatile methylic iodide, 38-8 ; carbon bisul- 
phide, 38°4 ; chloroform, 38°6 ; ether, 39°4 ; chloral, 39°2 ; ethylenechloride, 
40°0 ; and for the still less volatile nitrobenzene, 41-0. Stannic chloride, 
which from the results found by Ramsay and Shields for CCl, and 
TiCl, may be assumed to be a normal liquid, gave 41°3. From Beck- 
mann’s results (Zeit. physikal. Chem., 1888, 2,715), I have calculated the 
following : Benzaldehyde, 38°3 ; phenetol, 38-7 ; ethylic benzoate, 39°8 ; 
naphthalene, 40°3 ; benzoic anhydride, 41:2. Here again the numbers are 
generally higher than the theoretical, although not to the extent that 
might be expected. 

Phenol, paracresol, resorcinol, benzoic acid, and crotonic acid give 
numbers for monomolecular liquids which are higher than those 
obtained for associated liquids, but owing to the doubt attaching to the 
correctness of the determined value of the latent heat of fusion in some 
cases, and its being entirely unknown in others, comparison with the 
theoretical numbers is impossible. 

Turning now to the cases of associated compounds in associated 
liquids, we find greater accordance between theory and experiment. 
Values may be expected here to range somewhere near the theoretical 
and to equal these when w/a is equal to x,. The results obtained will, 
however, probably be influenced by concentration in many cases, as 
with increasing dilution an associated compound in solution in an asso- 
ciated solvent may be expected to undergo simplification, as is found to 
be the case when the solvent is a monomolecular one. The numbers 
obtained by Jones (Zeit. physikal. Chem., 1894, 18, 425) for water and 
for sulphuric acid dissolved in acetic acid are instructive from this point 
of view. Jones found for the molecular reduction of acetic acid by 
water at the concentration (in grams per thousand) 30°64 the number 
29:2, and at the concentration 2°354 the value 36:7 ; for sulphuric acid 
in acetic acid, the molecular reduction at the concentration 215°0 was 
23:1, and at the concentration 5:544 the value has risen to 43°3. Here 
we have distinct evidence of the dissociation with rising dilution of the 
complex molecules of the associated compounds, water and sulphuric 
acid, in acetic acid solution. 

It is a fact too fully recognised to require illustrating here that 
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compounds containing hydroxyl, such as alcohols, phenols, and acids, 
which yield abnormal reductions in such solvents as benzene or other 
monomolecular liquids, give satisfactory results in associated solvents 
like acetic acid, phenol (Paternd, Gazz. Chim., 1896, 26, ii, 363), and 
others. This, in fact, has led to the adoption of acetic acid more parti- 
cularly in cryoscopic determinations, as it is an excellent solvent for 
associated organic compounds, and yields normal reductions with these. 

With the exception, then, of the liquids of Class 3 (for reasons 
given above), there is good experimental evidence to be obtained from 
the reduction of the freezing point of the necessity of modifying the 
Van’t Hoff theory of osmotic pressure in dilute solution in the manner 
that has been described. 

Of especial interest and importance is the effect of this modification 
on those results obtained by the cryoscopic method for aqueous solutions, 
which are usually explained by the hypothesis of electrolytic dissociation. 
It has already been pointed out that, with the exceptions noted, only 
those organic compounds dissolve in water which are in all probability 
strongly associated, for example, compounds containing hydroxyl or 
amidogen, such as sugar, alcohol, acetic acid, glycerol, or carbamide.* 
For an associated compound in an associated solvent, the formula 
E=0°01976 T?a/rax, has been deduced, and if #/a is not far removed in 
value from «,, this means that E=0°01976 T?/r, or that a normal value 
of 18°43 will be obtained from water. The numbers actually observed, 
as is well-known, differ but slightly from this. They are usually some- 
what higher, in keeping with the probable fact that x, is not quite so 
large as x/a. 

But suppose that the compound dissolved in water is a monomolecular 
one, or what comes to the same thing, that an originally associated 
compound breaks down with rising dilution of the solution into normal 
molecules, so that eventually «,=1, what shall we find? Evidently, 
as a final value, a reduction of 0°01976 Ta/ra, or for water, since the 
value of x/a approximates to 3, a reduction of 55:3. This represents, 
then, the limiting value of the molecular reduction of the freezing point 
of water, and it is precisely this value that has never been exceeded in any 
of the cryoscopic determinations made up to the present in aqueous solu- 
tions with compounds not chemically acted on by the water. If the dis- 
solved compound is not absolutely monomolecular, but some associated 
molecules are present, x, will have some value greater than unity and 
the molecular reduction observed will lie between 18°43 and 55°3; in 
fact, will be one of those values given by compounds that are usually 
supposed to have undergone electrolytic dissociation. 

The result is a startling one, for it indicates that the hypothesis of 

* With reference to the association of this compound see Lachmann, Zeit. physikal. 
Chem., 1897, 22, 170. 
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electrolytic dissociation is entirely unnecessary for the explanation of 
those exceptions to Van’t Hoff’s law observed in the case of freezing 
point reductions. Put briefly, the case is this—the exceptions are 
no exceptions at all, it is the law that is wrong. No account is 
taken of association in the liquid state, either for the solvent or 
dissolved substance, as, in fact, Dr. Armstrong and others in this 
country have so repeatedly pointed out, and it is this that necessitated 
the introduction by Van’t Hoff of the now celebrated coefficient i for 
aqueous solutions, upon which the hypothesis of electrolytic dissociation 
was founded. But the fact of the matter is, the occurrence of a co- 
efficient 7 is not confined to aqueous solutions ; it must be introduced 
whenever a normal and an associated liquid form the solution under 
investigation, and no doubt countless cases of what are usually 
regarded as non-electrolytes fall within this category. 

The hypothesis of electrolytic dissociation is, then, unnecessary for 
the explanation of the freezing point reductions produced by electro- 
lytes in aqueous solutions, the behaviour of these substances being 
that of monomolecular compounds, or of compounds of diminished 
association in an associated solvent. Why, then, it will be asked, is 
there any connection between the reduction of the freezing point and 
the molecular conductivity? The answer is because in both cases the 
same error has been committed, Kohlrausch, in calculating the molecular 
conductivity, assuming, as Van’t Hoff does with reference to osmotic 
pressure, that the dissolved compound is of necessity monomolecular. 
Suppose we have, when the solution is infinitely dilute, the associated 
dissolved compound completely split up into normal molecules, then 
the molecular conductivity is given truly by k/n where k is specific 
conductivity and m the number of gram-molecules per litre. But if 
in a more concentrated solution the dissolved substance is associated, 
it is obvious that if m is still taken (that is, the number of normal 
molecules) in place of ~/x,, the molecular conductivity found, say p, 
will have too small a value. In fact, w./p becomes a measure of the 
degree of association of the dissolved compound. Similarly for the 
infinitely dilute solution E= 55-3, but for the more concentrated solu- 
tion E, = 55°3/x,, and therefore E/E, is also a measure of the degree of 
association of the dissolved compound. 

Or suppose from the behaviour of the most dilute solutions ex- 
amined the molecular conductivity has by slight extrapolation been 
given the value yg, and that the true value, were the compound 
entirely monomolecular, is ps, then po/ma=x,=3+%. In like 
manner, for dilute solutions of somewhat similar concentration the 
molecular reduction is found in similar manner to be E, in place of E, 
and therefore E/E,=2,=3+%. It is evident that a coincidence in 
the values of ¢ must be obtained which will be the more complete the 


THE HYPOTHESIS OF ELECTROLYTIC DISSOCIATION. 943 


greater the agreement between the concentrations of the most dilute 
solutions that have been examined by the two methods. In fact, in 
both cases the error due to neglecting to take the quantity x, into 
account is being measured, and, of course, a more or less perfect agree- 
ment must ensue. 

Not only do the deductions made here lead to the conclusion that 
the hypothesis of electrolytic dissociation is entirely unnecessary for 
the explanation of exceptions to Van’t Hoff’s law of osmotic pressure, 
but they are incompatible with that hypothesis inits present form. For 
a monomolecular compound in an associated solvent E = 0°01976 Tx/ra, 
and this gives a value of 55°3 for water. Now if this monomolecular 
compound dissociates further into ions, and these act as separate mole- 
cules, as I presume no one would claim association for the ions, a com- 
pound giving rise to 2 ions should have a value for E of 110°6, and 
one giving rise to 3 ions a value of 165°9. This, of course, is quite 
contrary to the observed facts. 

It is not my purpose here to enter into a general criticism of the 
hypothesis of electrolytic dissociation, as I wish only to show that this 
hypothesis receives no support from the theory of osmotic pressure, 
and is, in fact, in antagonism with this theory. But I may, perhaps, 
point out that too much has been made by the supporters of the hypo- 
thesis of the additive properties of salts in dilute solution. It seems 
to have been forgotten that nearly all the properties of liquids, and this 
appears, of course, in most marked manner with monomolecular liquids, 
are additive functions ; the molecular volumes, the molecular refractions, 
the molecular viscosities, &c. Valson having shown that the molecular 
solution volumes of salts in dilute aqueous solutions are additive func- 
tions of the volumes of their positive and negative radicles (ions), 
these facts are then quoted as evidence that the ions exist in the free 
state in the solutions. Traube has shown that the molecular solution 
volumes of organic compounds in organic solvents are additive functions 
of certain atomic solution volumes. Shall we claim this as evidence that 
these compounds exist as free atoms in the solutions? It is surely time to 
recognise that additive functions hold generally for most properties of 
liquids, whether these are taken alone or in solution in other liquids. 

An attempt has been recently made by Nernst (Zeit. physikal. Chem., 
1894, 14, 622) to connect what is called the dissociating power of a 
liquid with its specific inductive capacity. Nernst points out that 
water has a higher specific inductive capacity than other liquids, and 
that liquids like methylic alcohol, formic acid, and others which, as 
solvents, give solutions having electrolytic conductivity, also have 
high specific inductive capacities. From this it is argued that the 
dissociating power of a solvent, or its power of producing ions, is 


greater the greater its specific inductive capacity. 
B3R2 
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But the specific inductive capacity of a liquid is, as a matter of fact, 
intimately connected with its degree of association, and in such a manner 
that the more associated a liquid the greater its specific inductive capa- 
city. Anyone who examines the tables given by Thwing (Zeit. phystkal. 
Chem., 1894, 14, 286) will see this at a glance. Thwing shows that 
for certain liquids the specific inductive capacity K = 2°6 D, where D 
is the density of the liquid. Now, the liquids for which this rule 
holds are the hydrocarbons and liquids of a non-associated type. The 
specific inductive capacities of other liquids, and more particularly of 
those which contain hydroxyl groups, are much higher than the values 
given by the above rule. A probable value for the specific inductive 
capacity of an associated liquid is K = 2°6 Da’, where « is the factor of 
association, In the following table, I give the values of D and K for 
certain compounds taken from Thwing’s paper, the values of ,’/K/2-6 D, 
and, lastly, the values for x in the case of the same compounds, from 
Traube’s paper (loc. cit.). 


D K VK/2'6 D 

Benzene (Nernst)...... 0°878 2°235 0-99 
4°25 1°30 

2°35 1:01 

Metaxylene . 2°38 1:01 
Paraxylene ‘ 2°30 1:02 
Carbon bisulphide ... 1292 2°50 0°91 
Chloral 5°47 1‘L0 
75:50 3°07 

78:00 3°11 

Glycerol : 56°20 2°58 
Cane-sugar ‘ 53°50 2°35 
Methylic alcohol , 33°32 2°52 
Ethylic alcohol ‘ 25°61 2°31 
Propylic alcohol 20°45 2°12 
Isopropylic alcohol ... 0°7879 19°82 2°04 
Amylic alcohol 14°81 1-90 
Cetylic alcohol ‘ 6°42 1*44 
Allylic alcohol . 21°60 2°14 
Formic acid : 62°00 2°69 
Benzaldehyde f 14°48 1:73 
Acetone 21°85 2°20 
Methyl propyl ketone 0°828 16°75 1:98 
Acetyl chloride 8°55 2°04 
Nitrobenzene y 10°32 2°18 
Butyric acid . 3°08 1:07 
Valeric acid : 3°06 107 
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The parallelism of the numbers in the third and fourth columns is 
striking, as they are almost throughout of the same order, Traube’s 
numbers being lower than those obtained from the specific inductive 
capacities. The agreement is as good a one as that obtained by any 
of the other methods used up to the present for estimating the value 
of «, The connection between the specific inductive capacity and the 
degree of association of a liquid is also seen clearly in the results of 
the investigation by Abegg (Ann. Phys. Chem., 1897, [ii], 60, 54) 
of the specific inductive capacity at low temperature. Whereas in the 
case of the monomolecular liquids, toluene and ether, the specific induc- 
tive capacity changes only slightly between +15° and — 80°, and to 
an extent probably accounted for by the change in density, the asso- 
ciated liquids, amylic and ethylic alcohol, and acetone, show much 
greater changes, accounted for probably by the increase in the associa- 
tion of these liquids with falling temperature. 

It is almost impossible to doubt, then, that association plays an all- 
important part in determining the value of the specific inductive 
capacity of a liquid, and that if there is any connection between the 
specific inductive capacity and the power of forming electrolytes, it 
may be looked for rather in the fact that electrolytes are solutions of 
approximately monomolecular salts in an associated solvent, than in 
there being any peculiar “ dissociating power’’ attaching to the solvent. 
This view of electrolytes affords, finally, an explanation of the electro- 
lytic conductivity of certain fused salts, for in such fused salts it is 
quite possible that, while the bulk of the liquid is composed of asso- 
ciated molecules, a certain small proportion may be in the monomolecular 
state. The supposed decrease in electrolytic dissociation with rising 
temperature is also accounted for, and means nothing more than the 
decrease in the association of the solvent. What has been termed the 
ionic fluidity of a given solution no doubt increases continually with 
rising temperature, and, therefore, up to a certain point, the con- 
ductivity increases, . But the association of the solvent is also continu- 
ally decreasing, and in the end this effect will become the more 
powerful, the conductivity, therefore, never rising above a certain 
maximum value. This explains the maximum in the molecular con- 
ductivity with rising temperature, first noticed by Arrhenius. 

From the views advanced in this paper it follows, then, that— 

1. Van’t Hoff’s law of osmotic pressure does not hold in its original 
form when either the solvent or the dissolved compound are associated, 

2. The latent heat of fusion, melting point on the absolute scale, and 
density at the melting point of a liquid are connected by the expression 
rd/T = const. for monomolecular liquids, or rda/Tz = const. for associated 
liquids, the value of the constant being 0°099, or roughly 01. 

3. The molecular reduction of the freezing point for monomolecular 
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compounds in monomolecular solvents is given by Van’t Hoff’s formula 
E=0-01976 T?/r, or by the derived formula E=0:2 Td. If, however, 
the dissolved substance or the solvent are associated, this formula no 
longer applies, but E=0°01976 T*x/raxz, or E=0°2 Td/x,. 

4. Exceptions to Van’t Hoff’s formula, for the molecular reduction of 
the freezing point, appear therefore whenever association of either dis- 
solved substance or solvent takes place, and the hypothesis of electro- 
lytic dissociation is not only unnecessary in explanation of these 
exceptions, but inconsistent with what is now known of the nature of 
liquids. 

5. Electrolytes are salts in an approximately monomolecular fluid 
state in solution in associated solvents. 


LXXXIV.—Molecular Rotations of Optically Active Salts. 
By Hotianp Crompton. 


Sats which contain a common optically active ion—either positive or 
negative—exhibit in sufficiently dilute aqueous solution the same 
molecular—or rather equivalent—rotatory powers. This fact has been 
abundantly confirmed by the observations of Oudemans and others, and 
is usually quoted as strong evidence in support of the hypothesis of 
electrolytic dissociation ; for as the nature of the inactive ion has no 
influence on the rotation of the active ion, it is argued that the latter 
behaves with entire independence in the solution, and that the salt is, 
as a matter of fact, in a dissociated condition. 

From what has been said in the preceding paper, it will appear that 
the phenomenon is capable of wider explanation. It has been shown 
that an electrolyte may be regarded as a salt in the monomolécular 
fluid condition, or in a condition approximating to this, in solution in 
an associated solvent. If this holds, it follows from the observed 
regularities that monomolecular salts which contain a common optically 
active radicle have the same equivalent rotations. 

There is some difficulty in testing this view with the data at present 
at command, as optically active compounds of recognised monomolecu- 
lar character are not very numerous. Most ethereal salts may, how- 
ever, be regarded as monomolecular, provided that the acid from which 
they are derived does not contain the hydroxyl group, and even in the 
latter case, in many instances the salts are probably associated to about 
the same degree and therefore comparable. The constitution of the in- 
active radicle also exercises an influence on the result, but whether this 
influence is a direct one depending absolutely on the arrangement of the 
atoms in the radicle, or whether, as appears likely, a change in the 
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constitution of the inactive radicle affects the degree of association of 
the salt, it is impossible at present to decide. Both influences are 
probably at work. 

Among presumably monomolecular salts of one and the same active 
radicle and of inactive radicles of similar constitution, the following 
amylic salts present an interesting series. The data are those of Guye 
and Chavanne (Compt. rend., 1894, 119, 906) and Walden (Zeit. 
phystkal. Chem., 1896, 20, 377 and 569). 


[M]p [M]p 
Amylic formate 2°33 Diamylic succinate... 9°71=2 x 4°85 
acetate... ..... 3°29 » methylsuccinate.. 9°99=2 x 4°99 
propionate .... 3°99 ,», dimethylsuccinate 
(maleinoid) ... 9°79=2 x 4°89 
butyrate 4°25 ,, dimethylsuccinate 
(fumaroid) ... 10°47=2 x 5°23 


valerate 4°33 

caproate 4°46 

heptylate ..... 4°44 Triamylic tricarballyl- 

caprylate ..... 4°49 ate ... 15°-46=3 x 5:15 


nonylate 4°45 
laurate 4:21 
palmitate ..... 4°73 
stearate 


With the exception of the three or four first members of the series, 
which as salts of strongly associated acids are themselves probably 
somewhat associated, the constancy in the molecular rotations of the 
salts of the fatty acids is a striking one. The molecular weight 
changes from 172 in the case of the valerate to 354 in the case of the 
stearate, that is, more than doubles, without any appreciable change in 
the molecular rotation. Or, to put it more strongly, the weight of the 
inactive radicle is in the valerate 101, and in the stearate 283, or 
nearly three times that of the valerate, and yet this change in the 
weight of the inactive radicle leaves the molecular rotation practically 
unaltered. The constancy in the equivalent rotation is sufficiently 
maintained in the diamylic and triamylic salts.* 

Now, had the above results been obtained, not by observation of the 
salts themselves, but from the examination of their aqueous solutions, 


* The rotations of the diamylic and triamylic salts were determined by Walden, 
those of the monoamylic compounds by Guye and Chavanne. A close agreement 
between the results of different observers, working under different conditions of 
temperature, &c., is hardly to be looked for. It is noteworthy that Walden finds a 
higher value for the molecular rotation of amylic butyrate, 4°33, than that given by 
Guye and Chavanne, 4°25, 
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there is no doubt that they would have been at once claimed as confir- 
matory of the dissociation hypothesis. But, under the circumstances, it 
can hardly be maintained that the agreement between the equivalent 
rotations of analogous salts of an active radicle is due to dissociation 
of the active salts, and the dissociation hypothesis affords no explana- 
tion of the regularities. It is in keeping, however, with the statement 
made above, that monomolecular salts which contain a common opti- 
cally active radicle have the same equivalent rotations. 

Isolated members of series of salts with a common active negative 
radicle have been examined, but I have not been able to find as full a 
series as that of the amylic salts above quoted. The following active 
valerates were examined by Guye and Chavanne :— 


MN ME eSB Sis aoa eewnnens eee [M])>=13°91 
Methylic valerate 19°53 
Ethylic ‘i 17°47 
Propylic os 16°82 
Butylic _ 16°75 
Amylic id ; 17:05 


The first members of the series are again abnormal, but there is a 
distinct indication of the molecular rotation attaining a constant value. 
The following series of malates, in spite of the presence of a hydroxy] 
group and probable slight association, present an analogous behaviour 
(Anschiitz and Reitter, Zeit. physikal. Chem., 1895, 16, 493; and 
Walden, ibid., 177, 245). 


Dimethylic malate fM|p>= -—11°12 
Diethylic -- 19°74 
Dipropylic — 25°31 
Dibutylic — 26°37 
Diamylic — 27°19 
Dicaprylic — 24°77 


Even the following glycerates (Frankland and Macgregor, Trans., 
1893, 1410) containing two hydroxyl groups show the same tendency 
towards constant molecular reductions as the molecular weight in- 
creases and the association therefore decreases : 


Methylic glycerate [M]>= — 5°76 
Ethylic ; — 12°30 
Propylic , + ehpec Mins ton te eeeneea ria — 19°15 
Butylic : — 21:37 
Heptylic ‘ — 23°05 
Octylic ; — 22°28 
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When an active salt has both an active positive and an active 
negative ion, the molecular rotation in aqueous solution is found to be 
the sum of the rotations of each ion (see Walden, Zeit..physikal. Chem., 
1894, 15, 196). This is again assumed to confirm the dissociation 
hypothesis, as the freedom of each ion in the aqueous solution would, 
of course, result in the molecular rotation of the dissolved salt appear- 
ing as the arithmetical sum of the rotations of its ions. But, asa matter 
of fact, this superposing of the optical effect of two different radicles 
can be observed in monomolecular compounds, and the behaviour of 
electrolytes in this respect is again merely that of monomolecular 
dissolved compounds. Walden (Zeit. physikal. Chem., 1895, 1'7, 705) 
has examined salts of both the inactive and the active amylic radicle. 
lf superposing occurs, the differences between the molecular rotations 
of salts of the inactive and active amylic radicles should yield the 
value for the amylic radicle deducible from the first table given, about 
4:5. We find: 


Diamylic (7) malate [M]p>= - 18°85 
res eee — 27°19 


Diff. +8:34=2x 4:17 


Diamylic (7) chlorosuccinate ... [M]p>= +73°57 
— ‘ sit + 63:06 


Diff. +1051 =2 x 5:25 


Diamylic (7) tartrate [M]p>= +51°42 
te ‘) + 40°89 


Diff. +1053=2 x 5:26 


[M]>= -6-29 
~ 10°21 


Dif.  +3:92=1x 3-92 
[M],= - 208-72 
— 21414 


Diff. +5°42=1x 5°42 


Amylic (/) phenylchoracetate [M],= + 64:42 
Z (*) r + 56-06 


Diff. + 8:36 =1 x 8°36 
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also from the observations of Guye and Gautier (Compt. rend., 1894, 
119, 953) 
Amylic (/) valerate [M]p= + 21:28 
is (2) +17:05 


Diff. 4:23 =1 x 4:23 


With the exception of the phenylchloracetate, the agreement is 
quite as close as could be expected in a case of this kind, when the 
doubt as to the absolutely monomolecular character of the substances 
dealt with is considered. But the question may well be asked, if in 
monomolecular anhydrous salts the molecular rotation appears as the 
sum of the rotations due to each radicle, is the dissociation hypothesis 
necessary or reasonable to explain a similar fact with reference to 
salts in aqueous solution ? 

The rules that hold for monomolecular salts in the free condition 
will apply equally to these salts in solution in different solvents. It has 
been stated by Freundler (T7héses présentés @ la Faculté des Sciences de 
Paris, 1894), and the result is in keeping with the views advanced in 
this and the preceding paper, that “when a solvent gives by the 
eryoscopic or ebullioscopic methods normal figures for the molecular 
weight of the dissolved active compound, it does not alter its rotatory 
power for any concentration.” Premising in this case that the solvent 
is a monomolecular one, solution in such a solvent would not alter the 
molecular rotation of a monomolecular dissolved substance. Freund- 
ler further states that “if the solvent gives abnormal figures for the 
rotatory power, it causes the compound to undergo some change and 
yields also abncrmal cryoscopic and ebullioscopic figures. In this 
case, the concentration influences [a]p which departs from the normal 
value in proportion as the solution is more dilute.” This latter 
result actually forces Freundler to the conclusion that a dissociation 
process takes place in neutral organic solvents analogous to that which 
occurs in saline solutions. 

This second statement by Freundler is of the greatest possible 
importance, containing, as it does, the key to the explanation of the 
molecular rotation of electrolytes. It is associated compounds which 
give abnormal values when examined by the cryoscopic or ebullioscopi¢ 
methods, but these abnormal values become less and less marked a8 
the dilution rises, for increasing dilution causes the dissolved 
compound to approach nearer and nearer to the full monomolecular 
state. Similarly, if we start with an associated compound, this in the 
free condition has a rotation entirely different from that of the same 
compound in the monomolecular state. Dissolve the compound and 
examine its rotation in solutions of continually increasing concentra 
tion, and this rotation will be found to approach more and more closely 
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to that of the monomolecular compound, or, in other words, to depart 
more and more from what Freundler terms the normal value, which is 
that of the associated free compound. The behaviour, then, of all 
compounds, even of those which are associated when in the free state, 
will be that of monomolecular compounds, if they are examined in 
sufficiently dilute solution, and this, I maintain, is all that lies at the 
root of the behaviour of electrolytes. The dissociation hypothesis is 
unnecessary, nay, more, it is inadequate, for it does not bring the 
behaviour of electrolytes into line with that of the ethereal salts 
quoted in this paper. What the dissociation hypothesis does not dc 
is, however, accomplished by the view advanced in the preceding paper, 
that electrolytes are monomolecular salts, or approximate to this 
condition. 


LXXXV.-—Heats of Neutralisation of Acids and Bases 
in Dilute Aqueous Solution. 


By Hotianp Crompton. 


THE fact that the heat evolved when a dilute aqueous solution of an 
acid is mixed with a dilute aqueous solution of a base, is practically 
independent of the nature of the acid or base, and is constant in quan- 
tity if the acid and base are taken in equivalent amounts, finds a 
ready explanation in the dissociation hypothesis ; for it is argued that 
the acid and the base are present in dilute solution, only in a dissociated 
state—that is, in the form of their ions; that when the solutions are 
mixed no salt is produced, the ions of the salt, like those of the acid and 
base, being present in a free condition, and that the only change occurring 
is, in each case, the formation of water from the hydrogen ions of the 
acid and the hydroxyl ions of the base. When the acid and base are 
taken in equivalent amounts, the same quantity of water is formed in 
every case, and therefore the heat of neutralisation of any acid by any 
base is, under these circumstances, a constant quantity. I propose to 
show that this view is unnecessary, and that there is nothing unusual 
or calling for special explanation in the observed phenomena, which are 
merely in keeping with the general behaviour of monomolecular 
compounds. 

Thomsen (Thermochemische Untersuchungen, Band IV) has established 
the fact that, in the case of the vast majority of organic compounds 
(and it will be found that where exceptions occur the compoundsare in all 
probability associated and not monomolecular), the replacement of hydro- 
gen in any compound RH by one and the same radicle M, is attended with 
a perfectly constant heat change, and one that is quite independent of 
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the nature of the radicle R to which the hydrogen is attached. Thus 
the replacement of hydrogen by methyl, say, in methane, is attended 
with a development of the-same amount of heat as that produced in 
the replacement of hydrogen by methyl in ethylene, acetylene, alcohol, 
ethylic chloride, acetic acid, phenol, and a whole host of other com- 
pounds.* The replacement of hydrogen by chlorine, by oxygen (in the 
ethers), by carboxyl and by a number of other groups, is likewise 
attended with a development of heat which is in each case constant for 
the replacing radicle, and independent of the nature of the compound 
in which the replacement occurs. Generally, therefore, if M is constant 
the heat change involved in the reaction RH -H+M is constant and 
independent of the character of R. Further, it follows from this that 
if, in place of RH, we start with any derived compound, say ROH, and 
in this replace the radicle which has taken the place of hydrogen by 
any other radicle, say M, the heat change will remain constant as long 
as M is constant, and will be independent of the character of R. 

In order to avoid mistake, I must especially emphasise the fact that 
these rules hold only in all strictness for monomolecular compounds, and 
that where association occurs this may entirely disturb the regularities 
otherwise apparent. 

Now in the neutralisation of an acid HR by a base MOH, in dilute 
aqueous solution, in which the compounds are approximately mono- 
molecular, the following changes are involved (putting aside for the 
present the hypothesis of electrolytic dissociation) : 

1. The splitting up of the acid HR into H and R, which may be 
represented by H—R, and the splitting up of the base MOH into 
M and OH, which may be represented by M - OH. 

2. The combination of the radicle M with the radicle R, that is 
M+R, to form the salt MR, and the combination of H with OH, that 
is H+ OH, to form water. 

Suppose, in the first place, that the base MOH is the same throughout, 
and that the acid HR alone is varied. In the neutralisation of the 
acid by the base we shall then have the following constant terms : 


M—OH H+0OH 


The heat change involved in these, which we may term the heat of 
replacement of M by H in their combination with OH, is obviously 
constant for the case in point. The other changes are 

H-R M+R 

This involves what may be termed the heat of replacement of H by 

M in their combination with R. But we have just seen that in 


* The hydrogen replaced may be attached to sulphur, as in the case of the 
mer -ptans, or to nitrogen, as with the amines, and is not necessarily attached to 


carb. a. 
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organic (monomolecular) compounds the heat of replacement of H by M 
in R is independent of the character of R, and is constant as long as 
M is constant. Hence, unless monomolecular inorganic compounds 
show an utterly and entirely different behaviour from that of the 
organic compounds, it necessarily follows that the neutralisation of an 
equivalent of any monomolecular acid HR by an equivalent of one and 
the same monomolecular base MOH, is always the same and independent 
of the character of the acid. But (as shown in the preceding paper) 
in dilute solution compounds acquire a monomolecular condition, and 
hence this rule will hold for dilute solutions of acids and bases. 

Let us next suppose that the acid HR is kept constant, and the base 
MOH is varied. The constant terms in the neutralisation are now 


H-R H+0OH 


This may be termed the replacement of R by OH in their combina- 
tion with H, and involves a constant heat change in the cases in point. 
The other terms are 


M-—OH M+R. 


This involves the heat of replacement of OH by R in their com- 
bination with M. But this heat of replacement is obviously, for 
monomolecular compounds, independent of the character of M, and 


hence it follows that the heat of neutralisation of an equivalent of any 
monomolecular base MOH by an equivalent of one and the same acid 
HR is always the same, and independent of the character of the base. 
This rule again: may be expected to hold for all acids and bases in 
dilute solution. 

But if the heat of neutralisation of a monomolecular acid by one 
and the same monomolecular base is independent of the character of 
the acid, and if the heat of neutralisation of a monomolecular base by 
one and the same monomolecular acid is independent of the character 
of the base, then the heat of neutralisation of any acid by any base is 
independent of the character of the acid or base as long as these are 
in the monomolecular state. Hence the hypothesis of electrolytic 
dissociation is not necessary to explain the peculiarities observed in the 
heats of neutralisation of acids by bases in dilute aqueous solution. 
The behaviour of these electrolytes is simply in keeping with that of 
all other monomolecular compounds, and again therefore electrolytes 
appear as monomolecular compounds in an associated solvent. 

There is one apparent flaw in the above reasoning. In the heat 
of neutralisation of an acid by a base there is involved, firstly, the 
heat of replacement of M by H in their combination with OH, 
and, secondly, the heat of replacement of H by M in their combi- 
nation with R. Now since OH is itself, like R, a negative radicle, 


954 CROMPTON : HEATS OF NEUTRALISATION OF ACIDS 


and change in this radicle does not affect the heat of replacement 
of H by M, or the reverse, it follows that the heat of the first 
process should exactly balance that of the second, or, in other 
words, that an acid should be neutralised by a base without any 
resultant heat change whatever. 

This is found to actually be the case, or, at any rate, an approxi- 
mation to it is observed in those instances in which the acid, the 
base, and the salt can all be taken in the fluid state; for the 
heat of formation of an ethereal salt from the acid and alcohol is, 
as a rule, a very small quantity (see Thermochemistry of Methyl Salts, 
Stohmann, Kleber and Langbein, J. pr. Chem., 1889, [ii], 40, 
341—364 ; Thermochemistry of Benzoyl Compounds, Stohmann, Rodatz 
and Herzberg, ibid., 1887, [ii], 36, 1—16; and data collected by 
Stohmann, Zeit. physikal. Chem., 1882, 2, 29; 1890, 6,334; 1892, 10, 
410).* It cannot be definitely said that the heat of formation of a 
salt from the acid and alcohol is zero; for one thing, the determinations 
of the heats of combustion are not sufficiently accurate to decide this 
point. It is noteworthy, however, that the numbers are always small 
and sometives negative, sometimes positive. Also, as acids and alcohols 
are usually associated compounds, the heats of association of these 
substances would be an integral part of their heats of combustion ; 
but in the ethereal salts, which are usually monomolecular compounds, 
this heat of association is absent. Hence a small difference between 
the calculated and observed heat of formation of an ethereal salt 
might be expected. 

The case is, however, entirely altered when the acid and the base 
are brought together in dilute aqueous solution. Each compound is, 
in this case, in an attenuated fluid condition, more or less comparable 
with that of the same compound in the gaseous state. The same is 
‘ true of the salt formed by the interaction of the acid and base. But 
an entirely different thing holds for the water formed. The molecules 
of this compound, which are produced in the reaction, will join those 
of the solvent, they will undergo association, they will pass from the 
attenuated and gas-like state to that of the liquid with which they are 
surrounded. In other words, the water formed may be regarded as 
undergoing condensation from the gaseous to the liquid state. It is this 
change, and this only, then, that in normal or ideal cases gives rise to 
the evolution of heat when acids and bases are mixed in dilute aqueous 
solution. Of the four reactions, 


M-OH M+R 
H-R H+0OH 


three take place without anything that involves a change of condition, 


* In Nernst’s Theoretische Chemie, p. 476, will be found another example. 
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and in the fourth alone does such a change occur. Apart from this- 
change in condition, there should be, as shown above, no heat change 
in the total reaction, and, therefore, when an acid and a base are 
mixed in dilute aqueous solution, the heat produced is mainly that 
caused by the condensation of a molecule of water from the 
gaseous to the liquid state. Hence the constancy in the heats of 
neutralisation. 

Now in Thomsen’s experiments on heats of neutralisation, the con- 
centrations were so chosen that the dissolved compounds were in 
conditions comparable with those of gases under normal conditions. 
Hence the equivalent heat of neutralisation should approximate to 
the molecular heat of condensation of water, say about 18 x600= 
10,800 cal. The observed value is, as is well known, about 13,500 cal. 
The difference between the two values is perhaps even smaller than 
might have been expected, when it is considered that the compounds 
involved in the reaction are probably somewhat removed from the 
monomolecular condition. Thomsen further found that the heat of 
neutralisation decreases with rising temperature. Thus at 10°, 
NaOH +HCl gave 14,250 cal., but at 24°6° only 13,630 cal. Here, 
again, the effect is entirely comparable with that of a rise of tem- 
perature on the molecular heat of vaporisation. Of course, at the 
same time, the effect which a rise in temperature has on the association 
of the dissolved compounds in part accounts for the change. 

We arrive, therefore, at this astonishing result. If acids and 
bases in dilute aqueous solution are monomolecular compounds, and if 
their behaviour is comparable with that of all other monomolecular 
compounds, the actual formation of the salt from the acid and base 
will take place without any heat change whatever. But in the re- 
action water is at the same time produced, and this passes from the 
attenuated gas-like condition of the dissolved compounds to that of 
ordinary liquid water, and in doing so its heat of condensation is given 
out. This would be, under ideal conditions, the whole of the heat 
evolved in the reaction, but under ordinary conditions the slight 
association of some of the compounds involved introduces a disturbing 
factor. 

That from the above result Hess’s law of thermoneutrality directly 
follows need hardly be pointed out, and the assumption that salts are 
electrolytically dissociated in aqueous solution, and that hence their 
solutions can be mixed without heat change, is unnecessary. In fact, 
as in the case of the molecular rotations, the dissociation hypothesis 
is not only unnecessary, but it is inadequate, for it does not bring the 
behaviour of electrolytes, as far as the heat changes which accompany 
the formation of salts in aqueous solution are concerned, into line with 
the behaviour of non-electrolytes. What the dissociation hypothesis 
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does not do is, however, again accomplished by the views advanced in 
this and the preceding papers, that electrolytes are monomolecular 


salts or approximate to this condition. 


BEDFORD COLLEGE, 
York Puiace, W. 


LXXXVI.—Optical Inversion of Camphor. 


By Freperic Stantey Kippine, Ph.D., D.Se., and WILLIAM Jackson 
Pope. 


THE study of the z-derivatives of camphor, which has been in progress 
during the last few years, has led to the discovery of a number of 
compounds of more than usual interest ; among these may be mentioned 
camphorsulphonic chloride, 7-bromocamphor, cis-7-camphanic acid, and 
trans-camphotricarboxylic acid, the investigation of which has brought 
to light many facts of considerable importance, not only from chemical, 
but also from crystallographic and physico-chemical standpoints. 

The first of the compounds mentioned above, namely, camphorsul- 
phonic chloride, was obtained in the earlier stages of these researches 
from the product of the action of anhydrosulphuric acid on ordinary 
dextrorotatory camphor (Trans., 1893, 68, 548), and was found to 
exist in at least two optically different modifications. One of these, 
the dextrorotatory form, was isolated without great difficulty, as it 
was present in the crude product in larger quantity than the corre- 
sponding levorotatory modification ; it crystallises in rhombic tetrahedra 
melting at 137°, and has the specific rotation [a])»>= +128°7°. The 
isomeric levorotatory compound was also obtained in tetrahedra enantio- 
morphously related to those of the dextrorotatory substance, but only 
as a constituent of preparations which consisted of approximately 
equal quantities of crystals of each of the optical antipodes ; as, more- 
over, it was difficult, if not impossible, to distinguish between the two 
forms crystallographically, the levorotatory compound could not be 
isolated except in individual crystals, and the latter could be recog- 
nised as consisting of the levorotatory modification only by melting 
them with crystals of the antipodes, whereupon the melting point sank 
from 137° to about 105°. 

Nevertheless, the existence of a levorotatory modification of camphor- 
sulphonic chloride, which is the optical antipodes of the dextrorotatory 
form, was thus placed beyond doubt, and both isomerides were found 
to be contained in the sulphonic chloride prepared from the product of 
the action of anhydrosulphuric acid on ordinary camphor. 
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Now the mere statement of these facts will convey but little idea 
of their importance, since we are quite accustomed to the formation 
of an optically inactive mixture from an active compound; in this 
paper, therefore, we desire to draw attention to the interesting changes 
which seem to be involved in the formation of these two camphorsul- 
phonic chlorides, so far as they have any bearing on the question of 
optical inversion. 

For this purpose, the matter might be considered in two ways. We 
might assume that we already know enough about the mechanism of 
optical inversion to enable us to draw conclusions respecting the number 
and nature of the asymmetric carbon atoms in a compound which is 
known to undergo this change, or we might assume that we are already 
sufficiently well acquainted with the behaviour of camphor to be able 
to draw conclusions regarding the number of asymmetric carbon atoms 
in its molecule, and then consider what changes would be involved in 
its conversion into the optical antipodes. 

The adoption of the first method could not lead to any satisfactory 
result, because, except for the explanation which has recently been 
given by Armstrong (Proc., 1896, 44), and which seems to be only 
partially applicable in the present instance, little is known as to the 
mechanism of optical inversion, even in what are apparently the sim- 
plest cases. 

The alternative method, which, for'several reasons, appears to be pre- 
ferable, requires that we should first consider the question as to what 
is at present known regarding the number of asymmetric carbon atoms 
in the camphor molecule ; fortunately, this matter has been recently 
investigated and discussed by Aschan (Acta Soc. Scient. fenn., 21, [v], 
1—227) at considerable length, and we may therefore merely indicate 
the scope of Aschan’s work and state the more important conclusions 
at which he has arrived, and with which we are, on the whole, in 
complete agreement. 

Camphoric acid, as is well known, exists in various forms, some of 
which differ only in optical and crystallographic properties, whilst 
others show further differences, and seem to bear the relation to one 
another of cis- and trans-isomerides. Aschan (Joc. cit.) has established 
the existence of six, and only six, distinct compounds, namely, 
Racemic d-Camphoric acid = d-Isocamphoric acid* Racemic 
camphoric<— —>isocam phoric 

acid, acid. 


lCamphoric acid = /-Isocamphoric acid 


Of these, the two d-compo ds are mutually convertible one into 


* Aschan terms d-isocamphoric acid /-isocamphoric acid, and vice versa, because 
d-isocamphoric acid is levorotatory, but, as previously pointed out by one of us 
(Trans., 1896, 59, 61), it is better to adopt Fischer’s suggestion for the sake of 
clearness. 


VOL. LXXI. 38 
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the other, and this is true also of the two /-acids ; but the transforma- 
tion of an acid of the d-into one of the /-series, or vice versa, has 
hitherto been found impossible; the possible changes are indicated 
above by the arrows. 

The fact that dextro- and levo-camphoric acids are readily trans- 
formed into their anhydrides, whereas the two iso-acids are not known 
to yield anhydrides, and apparently cannot be made to do so (Aschan, 
loc. cit.), leads to the conclusion that the conversion of dextrocam- 
phoric acid into the iso-compound is accompanied by a change in the 
relative position of the two carboxyl groups, or,in other. words, that 
only one of these groups shifts its position ; this conclusion may be 
indicated as follows : 


a COOH 
C<CooH cK 
> 
b 1b 
C<cooH C<cooH 
d-Camphoric acid. d-Isocamphoric acid. 


Now, the existence of six, and only six, different camphoric acids 
related to one another in this manner, and a number of other chemical 
and stereochemical considerations which have been fully discussed by 
Aschan, but which it would be impossible to enter into here, led him 
to the conclusion that camphorie acid contains two asymmetric carbon 
atoms, both of which are present in a closed chain, and each of which 
carries one of the carboxyl groups. 

Whether this conclusion be accepted or rejected, either wholly or in 
part, as a correct deduction from the facts and arguments advanced by 
Aschan, it must be admitted that most of the formule which have 
been given to camphoric acid from time to time, and all those which 
have the strongest claims to recognition, are in accordance with this 
conclusion, except that, in some instances, the presence of t/ee instead 
of that of two asymmetric carbon atoms is shown. 

It seems, therefore, in the highest degree probable, looking at the 
case in all its aspects, that camphoric acid contains the following 
arrangement, in which the two asymmetric carbon atoms printed 
in heavy type may, or may not, be directly united. 


c acids 
hemical 
ssed by 
ed him 
carbon 
f which 


y or in 
nced by 
h have 
» which 
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instead 
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” From the relation between camphoric acid and camphor, it is prac- 
tically certain that in the latter also the same two carbon atoms are 
asymmetric, and the existence of only three modifications of camphor, 
namely, d-, /-, and inactive camphor, is in complete agreement with 
the existence of six camphoric acids. The two optically active cam- 
phors would have respectively the configurations indicated by the 
following symbols, 


Fic. 2. 
_460 
po cccenne a 
co ie ee 
' I 
; t 
_CHe 
CHo b 


and, judging by our knowledge of the behaviour of cis- and trans- 
isomerides, we should hardly expect the existence of other isomerides 
corresponding with the isocamphoric acids. It would seem probable 
also that the two active camphors would not be convertible one into 
the other under conditions which, in the case of other optically active 
compounds, bring about racemation (Beckmann, Annalen, 1889, 250, 
322), because it is obvious that, for this to occur, not only the 
atoms or groups a and 6, but the whole complex -CO-CH,- (or that 
part of the other closed chain indicated by the dotted lines) would 
have to change their positions. 

Now the formation from dextrorotatory camphor of two opti- 
cally isomeric sulphonic chlorides necessitates the assumption that a 
change of this kind actually occurs during the process of sulphonation ; 
that is to say, that the carbon atoms which form part of a closed 
chain, together with the hydrogen atoms or methyl groups with which 
they are combined, are transferred as a whole from a right to a left- 
handed position, the atoms or groups @ and 3 being shifted in the oppo- 
site direction. 

An optical inversion which necessitates the assumption of such 
profound intramolecular changes as these is, no doubt, very remarkable, 
and must be considered critically. Cases are known in which two 
asymmetric groups contained in an open chain both undergo optical 
inversion, either simultaneously or consecutively, under the separate 
or combined influence of heat and chemical action, as, for example, in 
the formation of racemic from dextrorotatory tartaric acid ; as arule, 
however, such a change is restricted to one asymmetric group, even 
when several are present, as in the case of the monocarboxylic acids 
derived from the carbohydrates. 

An apparent example of optical inversion similar to that which we 


38s 2 
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have observed is afforded by the formation, from d-camphoric anhy- 
ride, of a campholid which has no action.on polarised light (Haller, 
Compt. rend., 1896, 293); this campholid, however, is reconvertible 
into dextrorotatory camphor (Haller, ibid., p. 446), and cannot, there- 
fore, be a mixture of the two antipodes, so that if really optically 
inactive, it is so merely because of fortuitous internal compensation. 

As, then, it would seem that we are dealing with a case of optical 
inversion which appears to be unique, we must consider whether it 
would be possible to take any other view of the formation of the two 
ecamphorsulphonic chlorides which would at the same time afford a 
simpler explanation of the facts. This might be done, of course, by 
assuming that the sulphonic chlorides are not derivatives of camphor 
at all, but that they are both formed by a series of reactions in which 
the camphor first undergoes a change in constitution ; this assumption, 
however, is untenable, as we can easily show that we are dealing with 
‘simple derivatives of camphor. 

For this purpose, it will be convenient to make use of some graphic 
formula for camphor, and that suggested by Bredt, which has been 
used by one of us on previous occasions to explain the behaviour of 
various 7-derivatives, may be suitably employed. This formula fulfils 
the conditions laid down by Aschan, a point which must be regarded 


as greatly in its favour, and, further, it has recently gained great 
support from the synthesis of camphoronic acid by Perkin and Thorpe 
(Proc., 1897, 72). 

When a-bromocamphor is converted into the sulphonic acid, the 
only change which occurs is the substitution of the -SO,H group for 
an atom of hydrogen in a methyl group, and on the basis of Bredt’s 
formula, a-bromocamphorsulphonie acid must be represented thus : 


The grounds for this statement have been already fully discussed in 
@ paper recently communicated by one of us, but it may be repeated 
here that, by a series of simple changes, this sulphonic acid may be 
converted into ordinary d-camphoric acid. Now the sulphonic group 
in camphorsulphonic acid is in the same position as that in the 
a-bromosulphonic acid ; this is proved by the fact that the z-bromo- 
camphor, obtained by heating dextrorotatory camphorsulphonic 
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bromide (C,,H,,0°SO,Br=C,,H,,BrO+S80,) is identical with the 
z-bromocamphor prepared by the reduction of az-dibromocamphor, 
a compound in which the 7-bromine atom occupies the position pre- 
viously filled by the -SO,H group. These changes will be easily 
interpreted with the aid of the following formule : 


Fig. 4. 
SH; P 
Cc Ho 
| CH; 


“H 
CHp—— CHo 


Camphorsulphonic bromide (heated) —> 7-Bromocamphor <= am-Dibromocamphor 
(reduced). 


It is evident, therefore, that d-camphorsulphonic chloride is a simple 
substitution product of d-camphor ; this is established, not only by the 
facts given above, but also by the results of many other experiments, 
which cannot be described here. Consequently, the only possi- 
bility of arriving at a simpler explanation of the formation of the two 
antipodes would be by rejecting Aschan’s conclusions altogether, and by 
assuming that, although camphor contains two closed carbon chains, its 
optical activity is independent of either of the two tertiary carbon 
atoms which are common to these two chains. This assumption again 
is quite untenable, as, even assuming further that the two carbon atoms 
in question are really asymmetric but internally compensated, it is im- 
possible to construct a formula which complies with these conditions 
and at the same time affords a rational explanation of the chemical 
and optical behaviour of camphor. 

We believe, therefore, that we are justified in concluding that 
the optical inversion of camphor necessitates profound intramolecular 
changes of the nature already discussed, and that part of one closed 
carbon chain may be caused to rotate about another, as indicated in Fig. 2. 

There is still one point to consider in connection with the formation 
of the two sulphonic chlorides, namely, that, adopting Bredt’s formula, 
the substance will contain three asymmetric carbon atoms, whereas 
camphor itself contains only two. It is easily seen, however, that even 
if a third group becomes asymmetric during sulphonation, there 
would probably still be only two products, each of the isomeric cam- 
phors yielding one, and only one sulphonic acid ; since the two methyl 
groups are not in identical positions with regard to the rest of the 
camphor molecule, there is every reason to suppose that the one would 
be more readily attacked than the other, in which case the sulphonic 
acid produced from d-camphor would be the antipodes of that formed 
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in a similar manner from the /-modification. Many cases are already 
known in which, when the genesis of an asymmetric group by synthesis 
occurs, the right- and left-handed arrangements of this particular group 
are not formed in equal quantities, as, for example, in the well-known 
syntheses of acids from the sugars by Kiliani’s method. Moreover, 
since we have repeatedly prepared the sulphonic bromide of a-bromo- 
camphor in large quantities, and have never yet detected the presence 
of an isomeride in the crude product, there is direct experimental 
evidence that only one of the methyl groups is attacked. In the case 
of a-bromocamphor, optical inversion does not accompany sulphonation, 
and consequently only one sulphonic acid is formed. 

We may remark, in conclusion, that Aschan (loc. cit.) has already 
made numerous attempts to bring about the optical inversion of various 
camphoric acid derivatives, but hitherto without success. 

CifEMICAL DEPARTMENT, 


CENTRAL TECHNICAL COLLEGE, 
City AND GuILDs oF LonDoN INSTITUTE. 


LXXXVI1I.—Derivatives of Camphoric Acid. Part II. 
Optically Inactive Deriwatives. 


By Freperic Stantey Krprrine, Ph.D., D.Sc., and Witt1am Jackson 
Pope. 


ALL the z-derivatives of inactive camphor which were studied by us 
some time ago (Trans., 1893, 68, 547; 1895, 67, 354, 371), namely, 
camphorsulphonic chloride, camphorsulphonic bromide, camphorsul- 
phonamide, z-chlorocamphor, and z-bromocamphor, were carefully 
compared with the corresponding active compounds, the principal 
object being to asce’ tain whether the observed differences in properties 
between the several pairs of substances would throw any light on the 
phenomenon of racemism. 

Since that time, a large number of optically active compounds, pre- 
pared from dextrorotatory z-bromocamphoric acid and less closely 
related to camphor, have been examined, both chemically and physically, 
in considerable detail (Trans., 1896, 69, 913—971), and’ the results of 
these observations were of such an interesting nature as to lead us to 
prepare the corresponding compounds of the inactive series, for the pu! 
pose of collecting further data relating to the character of externally 
compensated substances, 

The experimental details of this work are recorded in the present 
paper, and may be briefly summarised as follows. By oxidising jnac- 
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tive z-chlorocamphor and z-bromocamphor (Trans., 1895, 67, 371) with 
nitric acid, we have prepared inactive z-chlorocamphoric acid, C,,H,,Cl0,, 
and inactive x-bromocamphoric acid, C,,)H,,BrO,. The corresponding 
active acids have been previously described, the bromo-compound 
having been obtained by the oxidation of ar-dibromocamphor (Trans., 
1896, 69, 913), whilst the chloro-acid was prepared from a-bromo- 
camphorsulphonic acid (Lapworth and Kipping, Trans., 1897, '71, 1) 
by a series of reactions which may be indicated as follows : 
C,,H,,Br0-80,H 80,H-C,His<coop 


a-Bromocamphorsulphonic acid > Sulphocamphoric acid > 
(oxidised) (treated with PC];) 


80,01 O,H, <p >0 0,1, lp >0 

Sulphonic chloride of camphoric anhydride +> 7-Chlorocamphoric anhydride. 

(heated alone) 

These four acids, two of which are optically active and two inactive, 
resemble one another very closely in all ordinary properties ; they are 
practically indistinguishable to the naked eye, and have not been 
obtained in individual crystals of any size, as they are invariably 
deposited from solvents either in very small crystals or in nodular, 
composite masses; they all show very much the same behaviour 
towards solvents, and resemble one another closely in chemical proper- 
ties, but they differ considerably in melting point, as is shown in the 
table given later. 

The inactive chloro- and bromo-camphoric acids are readily converted 
into their anhydrides, and the two compounds thus obtained, although 
resembling the corresponding active compounds (Lapworth and Kipping, 
loc. cit., and Trans., 1896, 69, 913), in most respects differ from them 
in not readily affording well-defined crystals of any size; in the case 
of active z-bromocamphoric anhydride, for example, it is an easy 
matter to obtain large crystals, measurements of which are given later 
(p. 970), but we were unsuccessful in obtaining either of the inactive 
anhydrides in an equally suitable form. All four compounds are 
readily soluble in cold chloroform, whereas the acids are almost insolu- 
ble in this liquid, and they are all reconverted into the acids from 
which they are derived on treatment with concentrated nitric acid, as 
described in the case of w-bromocamphoric anhydride (Trans., 1896. 
69, 61), 

In the following table, the melting points * of these four acids and 


* The following corrections applied to the melting points given in this paper 
show the values registered on a short standard thermometer with the thread almost 
entirely immersed. 110° (add 0°5°) ; 130° (add 1°) ; 150° (add 1°5°) ; 170° (add 8°) ; 
200° (add 5°) ; 225 (add 6°) ; 250° (add 6°5). 
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their anhydrides are given, but those of the former can only be taken 
as approximate, as, owing to anhydride formation, the observed melting 
point depends on the rate of heating and also varies with the size of 


the crystals. 
Active. Inactive. 


a-Chlorocamphoric acid 211—213° 194—195° 
m-Chlorocamphoric anhydride 193—194 193—194 
z-Bromocamphoric acid 216—217 201— 203 
az-Bromocamphoric anhydride 155—156 155—156 


It may be pointed out that, whereas the inactive acids melt at a lower 
temperature than the corresponding active compounds, the inactive 
anhydrides have the same melting point as their active isomerides, and 
for this and other reasons may be regarded as pseudoracemic sub- 
stances (compare following paper, p. 989). The further comparison of 
the properties of the above-mentioned somewhat poorly characterised 
inactive compounds with those of their active isomerides led to no 
very definite conclusions, and was not carried very far, as we hoped to 
obtain from them a series of inactive substances far more suitable for 
the purpose in view. 

It has been already shown (Trans., 1896, 69, 929) that dextro- 
rotatory z-bromocamphoric acid is directly convertible into a lactonic 
monocarboxylic acid of the composition C,,H,,0,, which, for reasons 
given at the time, was named trans-z-camphanic acid ; further, that 
trans-r-camphanic acid, when distilled under atmospheric pressure, is 
converted into an isomeride, which is also a lactonic monocarboxylic 
acid, and which was called cis-r-camphanic acid ; also that trans-7-cam- 
phanic acid is readily oxidised by nitric acid, giving a compound of the 
composition C,,H,,O;, which received the name ¢rans-camphotricar- 
boxylic acid. 

The following formule were then used to represent these three com- 
pounds, and, as recent work has only served to place Bredt’s formula 
for camphor on a more secure foundation than before (compare preced- 
ing paper, p. 960), the three formule in question have also been more 
fully confirmed. 

-CH, 
ScooH 
‘ 


6 


{ CH, ‘ 
CH—C8 oon = PBs —-C<codn 
--CH,) COOH 

C 2 C 

Lhe 

CH,—C SH CH,—C \cooH 
trans-x-Camphanic acid. cis-m-Camphanic acid, Sopra: Peaemeirnetneny 
acid. 


CH, 


OH,—C 


Now it was, of course, to be expected that three optically inactive 
substances, corresponding with these three active compounds, could be 
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prepared from inactive z-chloro- or 7-bromo-camphoric acid by methods 
exactly similar to those previously employed, and experiment showed 
that this was the case. 

Inactive trans-r-cwmphanic acid, prepared by treating z-chloro- or 
a-bromo-camphorie acid with sodium carbonate solution, is a well- 
defined, crystalline substance melting at 164—165°. We have not 
examined its chemical properties, except in two directions, as it may 
be taken for granted that they are identical with those of the active 
compound, but we have made a very careful comparison of the physical 
and crystallographic properties of the active and inactive isomerides. 

The facts thus established show a very interesting relation between 
the two compounds, as will be seen from the following summary of the 
properties of the crystals obtained from various solvents, and by cool- 


ing the liquid substances : 


ACTIVE 
trans-r-camphanic acid. 


Solvent—water. 


Hydrated (1 mol. H,O) monosymme- 
tric prisms, @:6:c=1°'9110:1:1°4627, 
B=69°5’ ; melting point indefinite owing 
to presence of water of crystallisation. 


Solvent—ethylic acetate. 
Hydrated (1 mol. H,O) prisms, iden- 
tical crystallographically with those from 
water. 


Solvent—benzene. 

(a) Hydrated (1 mol. H,O) orthorhom- 
bic needles, a:b:c=0°9158 :1:0°3551 ; 
these erystals are deposited when solu- 
tions are exposed to ordinary moist air. 

(2) Micro-crystalline, hygroscopic pow- 
der, probably anhydrous ; obtained by 
crystallising over sulphuric acid. 


Solvent—chloroform. 

(2) Anhydrous orthorhombic prisms, 
@:6:c=0°9584 : 1: 0°7292, which change 
in crystalline form at 100° and melt at 
164—165°. 


INACTIVE 
trans-x-camphanic acid. 


Solvent—water. 

Hydrated (1 mol. H,O) monosymme- 
tric prisms, a:b :c=1°8105:1 :1°4502, 
8=67°41'; indistinguishable from crys- 
tals of active acid except by goniometri- 
cal examination. 


Solvent—ethylic acetate. 


Anhydrous, six-sided monosy mmetric 
plates, a:b :¢=2°0157:1:1°19735, B= 
80°5’, which change in crystalline form 
at about 130°; m.p. 164—165°. 


Solvent—benzene. 


Anhydrous rhomboidal plates, which 
differ only in habit from the six-sided 
plates mentioned above. 


Solvent—chloroform. 
As from ethylic acetate and benzene, 


Behaviour on cooling from the liquid state. 


Changes in crystalline form twice ; 
crystals first produced seem identical 
with those of the inactive acid which are 
first formed. 


Changes in crystalline form three 
times. 
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Since these observations are discussed in the following paper, we will 
merely state here that the inactive trans-x-camphanic acid in the form 
of its anhydrous crystals must be regarded as a racemic compound, 
whereas the hydrated crystals of this substance consist of a non-homo- 
geneous intercalation of the twovantipodes and afford an example of 
what we call ‘pseudoracemism.’ It would seem that the hydrated 
substance cannot assume a type of structure compatible with its exist- 
ence as a racemic compound, and consequently the nature of the sol- 
vent determines which of the two opposing tendencies, namely, 
to crystallise with water or to form a racemic compound, shall 
prevail. 

Inactive cis-r-camphanic acid, prepared by distilling the inactive 
trans-isomeride, crystallisesin large, transparent, hexagonal plates which 
are indistinguishable from those of the active acid, except in optical 
behaviour. Now, since it has been previously shown (Trans., 1896, 
69, 971) that the crystals of the active acid are circularly polarising, 
it follows that if the crystals of the inactive substance are not those 
of a racemic compound they would also exhibit this interesting pro- 
perty ; further, both right- and left-handed crystals must be deposited 
side by side. 

Optical examination showed this to be the case, and we were thus 
able to separate the crystals of the dextro- from those of the levo- 
rotatory acid, proving conclusively that the inactive cis-7-camphanic 
acid is a mere mixture of the two antipodes. 

Inactive trans-camphotricarboxylie acid, C,,H,,0, which is easily ob- 
tained by oxidising inactive trans-r-camphanic acid, separates from cold 
water in lustrous, transparent, monosymmetric prisms, which differ from 
the crystals of the active acid deposited under the same conditions in 
being anhydrous, and consequently also in crystalline form. These facts 
show that inactive t¢rans-camphotricarboxylic acid is a racemic com- 
pound. It melts at 224—225°, or about 30° higher than the corre- 
sponding active acid. 

Inactive trans-camphotricarboaylic anhydride, C,,H,,0;, seems to bear 
the same relation to the corresponding active compound as that exist- 
ing between the hydrated monosymmetric crystals of the active and 
inactive trans-r-camphanic acids. It has the same melting point as 
the active anhydride, its melting point is not changed in intimate 
admixture with the latter, and the two substances have the same 
density ; like the active compound (Trans., 1896, 69, 957), it forms 
monosymmetric crystals, and the two kinds, although quite distinct, 
show a remarkably close resemblance in crystalline form. 

It is perhaps advisable to mention that the substances described in 
this paper have not been analysed; it seemed of little use to burn 
compounds, which had only been prepared with considerable trouble, 
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when their composition was already established by the analyses pre- 
viously made in the case of the corresponding active compounds. 


Optically Inactive r-Chlorocamphorie Acid, C,)H,,Cl0,, 


The material used for the preparation of optically inactive x-chloro- 
camphoric acid consisted of samples of “inactive” camphorsulphonic 
chloride which had been prepared according (to the method previously 
described (Trans., 1893, 63, 548), and then freed from excess of the 
dextrorotatory compound, so far as possible, first by repeated frac- 
tional crystallisation from ethylic acetate, and, afterwards, by picking 
out the crystals of the dextrorotatory substance. This material was 
heated at about 150°, and the product, which consisted of a mixture of 
optically inactive z-chlorocamphor with a considerable quantity of an 
oil of unknown nature, was purified by distilling it in steam. The 
m-chlorocamphor was then partially separated from the accompanying 
oil by fractional distillation, but, in order to avoid loss, this process 
was not carried very far, as the presence of the oil was found to be im- 
material. 

The oxidation of the z-chlorocamphor to optically inactive z-chloro- 
camphoric acid was effected by heating with a mixture of nitric acid of 
sp. gr. 1°4 (30 parts) and water (9 parts) just as described in the pre- 
paration of z-bromocamphoric acid (Trans., 1896, 69, 924). The oil 
of unknown nature was very readily attacked and dissolved, and at 
first the 7-chlorocamphor sublimed into the condenser, but after heat- 
ing during some hours the whole passed into solution. When the 
evolution of ruddy fumes abated, a considerable portion of the nitric 
acid was distilled off and the residue allowed to cool, whereupon crystals 
of impure z-chlorocamphoric acid were deposited ; the solution was then 
decanted, mixed with the nitric acid which had been distilled off, and 
which contained some z-chlorocamphor, and boiled again during some 
hours. On subsequently evaporating to a small bulk, more 7-chloro- 
camphoric acid was deposited, and the mother liquors, after further 
concentration, yielded a considerable quantity of oxalic acid, which had 
doubtless been formed by the oxidation of the oil contained in the 
-chlorocamphor. 

The crude z-chlorocamphoric acid, after being dried in the air and 
repeatedly washed with cold chloroform, was purified by recrystallisa- 
tion from a mixture of ether andchloroform. An analysis was deemed 
superfluous, as, from its origin and properties, there could be no doubt 
that it had the composition C,,H,,Cl0,. 

Optically inactive r-chlorocamphoric acid separates from a mixture of 
ether and chloroform in transparent, microsopic, oval crystals, and 
from concentrated nitric acid in transparent prisms or in flat rhom- 
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boidal plates ; the crystals obtained from these and from other solvents 
are either too small for measurement or are aggregated together, 
forming indefinite, rosette-like masses. The acid melts fairly sharply 
at 194—195° when heated rapidly from about 150°, and does not 
darken appreciably, but on re-heating the solidified mass, the melting 
point is lower than before, doubtless owing to the presence of the 
anhydride ; a finely-divided mixture of the optically inactive with the 
active chloro-acid (Lapworth and Kipping, Trans., 1897, '71, 1) melts 
gradually between about 193° and 210°, but the result depends very 
much on the conditions of the experiment. 

In all ordinary properties, optically inactive z-chlorocamphoric acid 
resembles the corresponding active acid very closely; it is readily 
soluble in cold methylic alcohol, acetone, acetic acid, and ether, but 
insoluble, or nearly so, in cold chloroform. It is only very sparingly 
soluble in boiling water, but dissolves freely in hot, concentrated 
nitric acid; its solution in the latter may be boiled for some time 
without any appreciable decomposition taking place, but in boiling 
aqueous solution the acid changes much more rapidly, and loses the 
elements of hydrogen chloride. 


Optically inactive x-Chlorocamphoric Anhydride, OH, OK GG> 0. 


The acid just described, like its optical isomeride and the other acids 
of the z-series, is very readily converted into its anhydride by acetic 
chloride ; on boiling a solution of the acid in this liquid for a short 
time and then evaporating, the anhydride remains as a crystalline 
mass, which is best purified by recrystallisation from a mixture of 
chloroform and ether. The crystals thus obtained consist of ill-defined 
nodular or fern-like masses quite different in appearance from the well- 
defined rhomboidal crystals of dextrorotatory 7-bromocamphoric anhy- 
dride (see below), and from those of the optically active z-chloro- 
camphoric anhydride (Lapworth and Kipping, Joc. cit.) ; crystallisation 
from other solvents failed to give measurable crystals. 

Optically inactive z-chlorocamphoric anhydride melts at 193—194°, 
that is to say, at practically the same temperature as the acid from 
which it is derived ; it is very readily soluble in cold chloroform, and 
dissolves freely in boiling ethylic acetate (small prisms on cooling), but 
is only sparingly soluble in boiling light petroleum and insoluble, or 
nearly so, in cold water and ina cold solution of sodium carbonate. 
It is appreciably soluble in boiling water, separating again on cooling 
in nodular crystals, and the aqueous solution does not acquire 4 
distinctly acid reaction even after having been boiled ; nevertheless, 
the anhydride may be converted into the acid without difficulty with 
the aid of concentrated nitric acid. It dissolves freely in the cold 


PART IJ. OPTICALLY INACTIVE DERIVATIVES. 969 


acid (sp. gr. 1:4), and on heating the solution on the water bath the 
r-chloro-acid gradually separates either in fern-like crystals or in micro- 
scopic rhomboidal plates ; this behaviour is similar to that of other 
anhydrides of halogen-substituted camphoric acids (compare Trans., 
1896, 69, 61). 


Optically Inactive r-Bromocamphoric Acid, C;H,,Br(COOH),. 


It was shown in an earlier paper (Trans., 1895, 67, 379) that, owing 
to the camphor-like nature of optically inactive r-chlorocamphor, it was 
almost impossible to decide whether the two optical antipodes united 
to form a true racemic compound or not ; it appeared possible, therefore, 
that the inactive chlorocamphoric acid, prepared as described above, 
might contain a slight excess of one of the optically active modifica- 
tions, which, although insufficient to be easily detected by optical 
examination, might yet effect to some eatent the properties, not only 
of the acid itself, but also those of its derivatives. As it was essential 
that a possibility of this kind should be eliminated before studying 
the derivatives of the inactive acid, the corresponding z-bromocamphoric 
acid was prepared from the well-defined racemic 7-bromocamphor pre- 
viously described (Joc. cit.) ; this bromo-acid, being known to be free 
from excess of either of the optical isomerides, was then used as a 
source from which to obtain pure optically inactive derivatives. 

Optically inactive z-bromocamphoric acid is easily prepared by boil- 
ing racemic z-bromocamphor with moderately concentrated nitric acid 
during 6 to 8 hours ; when the evolution of ruddy fumes has greatly 
diminished, the solution is diluted with a little water and kept for 
24 hours ; the acid, which is slowly deposited in colourless crystals, is 
dried in the air, washed with chloroform, and then recrystallised. 

It separates from a mixture of ethylic acetate and chloroform in 
colourless, transparent, microscopic crystals, and in fern-like or nodular 
masses ; it resembles the optically inactive chloro-acid very closely as 
regards general behaviour, and dissolves freely in cold ether, methylic 
alcohol, ethylic acetate, and acetone, but very sparingly in benzene ; 
it is insoluble, or nearly so, in cold chloroform. It begins to sinter at 
about 197° and melts, effervescing vigorously, at about 203—204°, 
when rapidly heated from about 160°; the observed melting point, 
however, depends on the size of the crystals and on the rate of heating. 
A finely divided mixture of the inactive acid with dextrorotatory 
z-bromocamphoric acid (Trans., 1896, 69, 924) melts gradually from 
about 195 to 212°, the melting point of the active acid being about 
216°. The other properties of the inactive acid need not be specially 
mentioned, as they are so similar to those of the other z-halogen de- 
rivatives of camphoric acid. 


4 
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Optically Inactive x-Bromocamphoric Anhydride, CH, .Br<G0>o. 


Optically inactive 7-bromocamphoric anhydride, prepared by boiling 
a solution of the acid in acetic chloride for a short time, crystallises 
from cold ether, in which it is moderately easily soluble, in small, but 
fairly well-defined prisms ; it dissolves very freely in cold chloroform 
and ethylic acetate, but only very sparingly in cold light petroleum. 
It melts at 155—156°, that is to say, at the same temperature as the 
anhydride of the optically active bromo-acid, and its melting point is 
not lowered when it is intimately mixed with the active anhydride. It 
would seem, therefore, that the relation between the optically active 
and inactive compounds is similar to that which subsists in the case 
of the corresponding forms of trans-camphotricarboxylic anhydride ; 
whereas, however, the crystals of the optically inactive z-brom- 
anhydride are usually small and unsuitable for measurement, those of 
the optically active compound are easily obtained of considerable size 
using either chloroform or ether as a solvent. 

Active 2-Bromocamphoric Anhydride.—The measurements of the 
crystals of the active anhydride had not been made at the time this 
compound was first described, and we therefore give them in this 
paper. 

The crystals are large, of irregular shape, and extremely opaque 
owing to internal striation, so that their optical properties could not 
be ascertained. 


Crystalline System :—Monosymmetric. 
a@:6:c=1:0835:1:1:1:2340, 
B=91° 0’ 30”. 


oO 


Forms present :—a {100!, ¢ {001}, x {101}, g {011}, p {110}, o {311}. 
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The following angular measurements were made : 


Number of | 
Angles. measure- | Limits. \Calculated, 
ments. 


100 : 001 0’—91° 47’ | 91° 04 
001 : 101 48—48 36 we 
100 : 101 16—41 20 40 504 
001 :011 24—51 36 ~ 
011: 011 46—78 57 78 3 
100 :110 54—47 59 47 17 
110: 110 41—86 2 85 25 
101: 111 17—39 33 88 54 
101 :110 45—59 41 | 59 7 
110 :011 3—56 25 ote 
011:101 27—65 39 65 9 
001 : 111 ae 58 43 
T11:110 5—30 57 | 80 354 
110:001 | 11—91 15 | 90 41 
100: 011 | 24—91 38 90 38 


| 


The predominant forms (Fig. 1) are usually ¢ {001}, @ {100}, x {101}, 
and p {110}, but the crystals are so variable in habit that ¢g {011} and 
o {111}, which are frequently very small, sometimes become domi- 
nant ; the faces of all forms give poor and indifferent reflections, so 
that a very large number of measurements was necessary. Consider- 
able care was taken in order to obtain accurate results, in the hope 
that a morphotropic relationship might be established between the 
crystals of this substance and those of the isomeric w-bromocamphoric 
anhydride; attempts to discover such a relationship, however, were 
unsuccessful. 

After having been melted, active z-bromocamphoric anhydride 
readily solidifies to a cubic modification ; this, however, rapidly changes 
in crystalline form, and the film becomes converted into large indi- 
vidual flakes of a biaxial modification, in which one optic axis is some- 
times perpendicular to the surface of the film, but the bisectrix never 
emerges perpendicularly. 

It should be pointed out that active w-bromocamphoric anhydride is 
also dimorphous. After having been melted, it solidifies readily to a 
cubic modification, which, however, quickly changes into large indi- 
vidual flakes of a biaxial modification ; these flakes are often perpen- 
dicular to an acute bisectrix of negative double refraction ; the inter- 
ference figure is a normal orthorhombic one. 


| 
Optically Inactive trans-x-Camphanic Acid, 0-O,Ha<onoss. 


When an aqueous solution of the sodium salt of inactive z-chloro- 
camphoric acid is boiled during a few minutes, sodium chloride is 
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formed, together with the sodium salt of optically inactive trans-z- 
camphanic acid ; this simple decomposition is represented by the equa- 
tion C,,H,,Cl0,Na, = C,,H,,0,Na + NaCl. 

As it has been previously shown that dextrorotatory ¢rans-r-cam- 
phanic acid is a lactonic monocarboxylic acid derived from z-hydroxy- 


camphoric acid, OH: C,H,, pnd this must, of course, be equally 


true in the case of the inactive compound in question, and its constitu- 
tion may therefore be expressed by the formula already given. 

In preparing inactive tans-r-camphanic acid, the inactive -chloro- 
camphoric acid is suspended in warm water, and a solution of sodium 
carbonate is slowly run in until the whole of the acid is dissolved ; 
after filtering, if necessary, from traces of oily impurity which are 
usually present in the crude chloro-acid, the solution is boiled during 
about 10 minutes, and then evaporated to a small volume; on adding 
a slight excess of dilute hydrochloric acid to the cold solution, the in- 
ective trans-x-camphanic acid is precipitated in an oily or pasty con- 
dition, but it rapidly becomes hard and crystalline, and is then 
separated, washed, and recrystallised from dilute methylic alcohol. 

As the first specimen which was obtained in this way appeared, on 
slight examination, to be identical with the dextrorotatory compound, 
it seemed not impossible that, during the various operations which 
occur in the conversion of camphorsulphonic chloride into trans-r- 
camphanic acid, the dextro-rotatory constituent of the only approximately 
inactive material had been partially fractionated out, and thus accu- 
mulated in considerable excess in the preparation in question ; although 
an optical examination of the inactive acid failed to give any evidence 
of excess of either constituent, it seemed desirable to prepare another 
specimen from inactive z-bromocamphoric acid, which, for reasons 
already stated, cannot give other than optically inactive derivatives. 
This having been done, by a method exactly similar to that given above, 
and the two preparations having been found to be identical, we are 
justified in regarding the inactive acid now to be described as free 
from excess of either active component. 

Inactive trans-r-camphanic acid resembles the dextrorotatory com- 
pound so closely in ordinary properties that at first it is not very easy 
to distinguish between them ; as far as can be judged without actually 
making quantitative experiments, the solubility of the inactive acid in 
all ordinary solvents seems to be about the same as that of the dextro- 
rotatory compound, and both acids melt at 164—165°; moreover, 
finely divided mixture of the two substances also melts at 164—165°. 

On closer examination, however, considerable differences in behaviour 
are observed, as will be evident from the following comparative study 


of the two compounds. 
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Comparison of Active and Inactive trans-r-Camphanic Acids. 
Crystals from Aqueous Solutions. 


Active Acid.—This substance usually separates from cold water, in 
which it is only sparingly soluble, in large, fern-like aggregates, but by 
evaporating the solution slowly over sulphuric acid (compare E. Fischer 
and Beensch, Ber., 1896, 29, 2929), well-defined, transparent prisms are 
deposited ; these crystals contain 1H,O (Trans., 1896, 69, 931) and 
become opaque when kept over sulphuric acid or when heated at 100° ; 
their behaviour on further heating has been previously described (/oc. 
cit.). They consist of lustrous, flattened prisms measuring about 5 mm. 
in the direction of the a-axis, 1 mm. along the b-axis, and about 2 mm. 
along the axis-c ; the faces of the form c{001} are marked in parts by 
sharp-edged etch figures symmetrical to the plane of symmetry (010). 
There is a perfect cleavage parallel to c{001} and an optic axis emerges 
nearly but not quite perpendicularly to this form; the dispersion is 
slight. 

Goniometrical examination showed that these hydrated crystals are 
identical with those which were previously obtained (loc. cit.) by crys- 
tallisation from ethylic acetate, and we will therefore refer to the 
account there given of the comparative characters of the various 
forms, simply stating that a new form, namely 7{201} has been ob- 
served to be frequently present upon the new crystals. The latter, 
however, are far better characterised than those formerly described, 
and therefore give measurements which lie between much narrower 
limits ; for this reason, they were carefully examined, as it was necessary 
to establish the goniometric constants as accurately as possible in 
order to compare them with those of the inactive isomeride. 


Crystalline system :—Monosymmetric. 
a:6:c=1°9110: 1: 1°4627. 
B=69°5’. 
Forms present :—a{100}, c{001}, g{011}, r{101} 7’{201}. 


The following angular measurements were obtained, the values pre- 
viously given being stated in the last column : 


VOL, LXxi 
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Number of 
measure- Limits. Mean. Calculated. 


ments. 


‘old values. 


53° 44’—538° 56’ . 53° 48’ 
72 12—72 43 24 
52 —69 1 
22 —44 33 
6 —66 26 
22 —38 wan 
24 —27 
24 —72 


Inactive Acid.—On allowing an aqueous solution of inactive trans-r- 
camphanic acid to evaporate spontaneously under as nearly as possible 
the same conditions as those employed in the case of the active acid, 
short, brittle, transparent prisms, which at first sight seem to have 
little in common with those of the latter, are deposited. These crystals 
become opaque when kept over sulphuric acid, and when heated at 
100° they lose 1H,0. 


0°1543 lost 00131 H,O at 100°. H,O=8-49 per cent. 
C,,H,,0, + H,O requires H,O = 8°33 per cent. 


When slowly heated from about 50°, they begin to become opaque 
at 90—95° and melt between 150° and 165°, according to the size of 
the crystals and the conditions of the experiment ; when suddenly 
heated at about 125°, they liquefy, partly or entirely, in their water 
of crystallisation, then gradually become more or less solid again, and 
melt finally at 155—160°; this behaviour is similar to that of the 
hydrated crystals of the active acid. 

These crystals are much more compact than those of the active acid, 
and usually differ less in linear dimensions along the three axial 
directions. The sizes of the various forms are in the same order as in 
the case of the active acid, although the differences in size are much 
less pronounced; the form c{001} is the predominant form, and this 
frequently exhibits etch figures very similar to those found on the 
crystals of the active substance, as in that case also the etchings 
are symmetrical to the plane of symmetry (010). Figures 2 and 3 
represent the crystals of the active and inactive compounds respec- 


tively. 
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Crystalline system :—Monosymmetric. 
a:b:e=1°8105:1:1°4502. 
B=67° 41’. 


Forms present :—a{100}, c{001}, g{011}, 9'{021}, r{101}, 7’{201}. 


Number of 
measure- Limits. Mean. Calculated. 


ments. 


Angle. 


cq 001:011 
qq 011:011 
ac 100:001 
cr 001:101 
ar 100:101 
ar’ 100 : 201 
rr’ 101: 201 
cr” 001 :201 
q7 011 :021 
q'q7 021 : 021 


One important difference between the crystals of the active and 
inactive acids may be noted, namely, that the faces of the former are 
plane and nearly always give but a single reflection, whereas those of 
the latter invariably show multiple images. 

There is a good cleavage parallel to c{001} and an optic axis emerges 
nearly normally to this form ; the angle between the normal to c{001} 
and this optic axial emergence seems, however, rather greater in the 
crystals of the inactive than in those of the active acid. The optic 
axial dispersion is slight, and the plane of symmetry is the optic 
axial plane. 

A glance at the two series of angular measurements shows that the 
limits are not wide in either case, and a comparison brings to light the 
fact that, although the two sets of crystals are of the same type and 

37 2 
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extremely similar generally, yet the differences between them are 
quite distinct and cannot possibly be attributed to experimental error. 
In the case of compounds such as these, which exhibit similarities of 
an isomorphous or morphotropic character, it is frequently found that 
the corresponding angles in one zone on the two crystals are more 
nearly equal than those in the other zones; this will be evident from 
the following table, which shows that there is closer similarity in the 
zone [100] than in the others : 
Angle. Active acid. Inactive acid. 
001 : 011 53° 48’ 53° 18’ 
011: 011 72 24 73 24 
100 : 001 69 5 67 41 
101: 101 44 32 46 48 
100: 101 66 23 65 31 
’ 100 : 201 38 31 37. «7 
001 : 201 72 24 75 12 
rr’ 101: 201 27 52 28 24 
A comparison of the axial ratios and interaxial angles of the two 
substances brings to light the same fact. 
Active acid. «:6:c¢=1°9110:1:1°4627. B=69° 5. 
Inactive acid. a :6:¢c=1°8105:1:1°4502. @=67 41. 


Crystals from Ethylic Acetate Solutions. 


Active Acid.—It has already been mentioned that the hydrated 
crystals of the active acid which are deposited from water are identical 
with those obtained from cold ethylic acetate solutions, and in first 
describing the latter it was stated that they “ become opaque at 100°, 
doubtless owing to the loss of included solvent or water” (Trans., 
1896, 69, 931). An analysis showed that these crystals contain 1H,0, 
which is expelled at 100°. 


0°2363 lost 0°0211 at 100°. H,O=8°9 per cent. 
C,,H,,0, + H,O requires H,O = 8:3 per cent. 


They also lose their water when kept over sulphuric acid ; when heated 
moderately quickly from about 50°, they become opaque at or below 
105°, melt partially at about 110°, then solidify again, and melt finally 
at 164—165°. 

Inactive Acid.—When inactive trans-r-camphanic acid crystallises 
slowly from ethylic acetate at ordinary temperatures, it is deposited in 
flat, transparent plates quite different in appearance from the crystals 
of the active acid obtained under similar conditions. These crystals 
also differ from those of the active acid in that they remain transpa- 
rent when kept over sulphuric acid, or when heated during several 
hours in a water oven. When slowly heated in a capillary tube, they 
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undergo no visible change until the temperature rises to about 
130—135° ; they then become quite opaque, but without sintering, 
and melt on further heating at 164—165°. The fact that these 
crystals become opaque at 130—135° is not due to loss of solvent or 
water of crystallisation, but to a change in crystalline form taking 
place ; that they are anhydrous was proved firstly, by heating a weighed 
quantity at 100°, when no loss in weight occurred, and secondly, by 
dissolving a weighed quantity of the dehydrated substance in ethylic 
acetate and evaporating to dryness at ordinary temperatures, when no 
gain in weight occurred. 

These anhydrous crystals of the inactive acid consist of six-sided, 
very lustrous, monosymmetric plates (Fig. 4); the pinacoid, c {001}, is 
the dominant form, and gives good results on measurement. The forms 
a {100} and {101} are usually small, but give good reflections ; the 
pyramid o {111! is generally fairly well developed, but the form p {110} 
is very seldom present. 


Crystalline system :—Monosymmetric. 
a:b:e = 2°0155:1:1°9733 
B = 80° 5’ 
Fic. 4. 


\ 


Forms present :—a{100}, c{001}, {101}, of111}, p{110}. 


The following angular measurements were obtained : 


| } | 
Number of | 
Angle. measure- | Limits. Mean. Calculated. 
ments. 


79° 48’— 80° 24’ 
99 50—100 
49 1— 49 
50 26 — 50 
68 48 — 69 
25 1— 25 { 
85 9— 85 
66 10— 66 
113 21 —113 
68 59— 70 
62 58 — 63 


bo 
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There is a perfect cleavage parallel to c {001} ; the optic axial plane 
is perpendicular to the plane of symmetry and the acute bisectrix 
emerges obliquely through ¢ {001}. The optic axial angle is fairly 
large, and the double refraction positive in sign. 

These anhydrous crystals are always well-developed, and never show 
the vicinal faces exhibited by the hydrated crystals of the acid ; that 
they are quite different from the latter is obvious from the above 
description, and that they represent crystals of a racemic modification 
of trans-r-camphanic acid will be shown in the following paper. 


Crystals from Benzene Solutions. 


Active Acid.—Wishing to obtain anhydrous crystals of the active 
acid, in order to compare them with those of the inactive acid which 
have just been described, we next tried benzene as a solvent. The 
dehydrated active acid dissolves fairly easily in boiling benzene, and on 
allowing the cold solution to evaporate spontaneously in the air, small 
lustrous, transparent flattened needles slowly separate round the edges 
of the vessel, close to the surface of the liquid, whilst a few fern-like 
masses are deposited at the bottom of the vessel. 

When these needles are slowly heated in a capillary tube, they re- 
main transparent until the temperature rises to about 130°, and then 
gradually become opaque, melting at 164—165°; when suddenly 
heated at about 160°, they do not show any signs of sintering. From 
this behaviour, which is practically identical with that of the anhydrous 
crystals of the inactive acid, it seemed probable that these needles were 
free from water of crystallisation ; this, however, is not so, as when 
heated in a water oven they slowly become opaque, and lose in weight. 


0:2921 air-dried substance lost 0°0243 at 100°. H,0=8:°3. 
C,,H,,0,+ H,O requires H,O =8°3 per cent. 


Nevertheless, goniometric examination showed that they are quite dif- 
ferent from the crystals of the active acid which are deposited from 
water or ethylic acetate. They belong to the orthorhombic system, 
and are shown in Fig. 5. 

The pinacoid 6{010} is the dominant form, and gives good images ; 
the prism p{110} is much smaller, but still gives good results on mea- 
surement. The dome ¢{011} is small, and, owing to the great brittleness 
of the crystals, is not often obtained in measurable form ; the measure- 
ments in which it is implicated may, however, be taken as fairly accu- 
rate. This dome form, however, is generally nearly wholly absent, 
because of the existence of a hollow cone which partly takes its place 
(Fig. 6). ‘The crystals are elongated in the direction of the c-axis, and 
the forms 6{010} and p{110} are striated in the direction of that axis. 
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Crystalline system :—Orthorhombic, 


a:b:e=0°9158:1:0°3551. 


Ne oF 


Forms present :—-b{010}, p{110}, g{011}. 


Angle. measure- Limits. Calculated, 


| 
Number of | 
ments. 
| 
:110 18 47° as > $1’ 
:110 7 8 - 57 
:011. | 16 27 
2011 11 | 38 - ‘ 12 
| 


The optical characters are those of normal orthorhombic crystals, 
although, owing to their small size and low double refraction, it could 
not be ascertained which of the three pinacoids is parallel to the optic 
axial plane ; a bisectrix seems to emerge normally to 6 {010}. 

The great tendency shown by active trans-r-camphanic acid to crys- 
tallise with 1H,O, forming two distinct hydrated crystalline modifica. 
tions, is especially noteworthy, in view of the fact that the inactive 
isomeride is easily obtained in anhydrous crystals, and only combines 
with water when deposited from aqueous solvents. Even when the 
active acid is crystallised from benzene which has been carefully dehy- 
drated, it-still gives the hydrated orthorhombic crystals under the 
conditions stated above, the necessary moisture being obtained from 
the air ; this explains why these crystals always form at or close to the 
surface of the benzene. When, however, the solution is so concen- 
trated that crystallisation occurs on cooling, or when it is allowed to 
evaporate in a dry atmosphere, the acid is deposited either in large, fern 
like, crystalline masses, or in the form of a microcrystalline powder. 

These crystals appear to be anhydrous, as they do not lose in weight 
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when heated ; moreover, a sample of the crystalline powder which was 
exposed to the air at ordinary temperatures, gradually gained in weight 
during about two weeks, after which its weight became constant ; in 
the one quantitative experiment which was made, 0°2164 gram of sub- 
stance gained 0:0152 gram H,0O, or about 7:02 per cent. At the same 
time, the substance slowly underwent a distinct change in appearance, 
the indefinite microcrystalline powder being transformed into small, 
opaque needles. 

Although, therefore, it is evident that- anhydrous crystals of the 
active acid are deposited from benzene under certain conditions, they are 
too small and ill-defined to be of any use for goniometric examination. 

Inactive Acid.—W lien the inactive acid is crystallised from benzene 
at ordinary temperatures, it is deposited in well-defined, transparent, 
rhomboidal plates, which are identical crystallographically with the 
six-sided crystals obtained from eéthylic acetate, although they differ 
from the latter in habit ; their behaviour when heated is consequently 
the same as that of the anhydrous crystals in question. 


Crystals from Chloroform Solutions, 


Active Acid.—Crystallisation from anhydrous benzene having failed 


to afford measurable anhydrous crystals of active trans-x-camphanic 
acid which could be compared with those of the inactive compound, we 
tried the use of other solvents, and finally succeeded with the aid of 
a mixture of chloroform and light petroleum, The dehydrated acid 
dissolves freely in cold chloroform, but is much less readily soluble in 
light petroleum, so that, on the addition of the latter to its solution in 
the former, it is precipitated as a crystalline powder ; this powder does 
not lose in weight when heated in a water oven during several hours. 

On allowing a solution in a mixture of the above two solvents to 
evaporate at ordinary temperatures, various kinds of crystals are 
obtained, according to the conditions of the experiment. Sometixmes 
long, flattened, ill-defined prisms, and large, transparent, extremely 
thin plates are deposited, chiefly at or near the surface of the liquid. 
Both these forms rapidly become opaque when heated in the water- 
oven, and are apparently hydrated crystals, identical with, or differing 
merely in habit from, the flattened hydrated needles obtained from 
benzene solution. In other cases, or accompanying the crystals just 
described, fairly large, highly lustrous, well-defined, transparent prisms, 
having almost the outline of cubes, are deposited at the bottom 
and on the sides of the vessel; these prisms sometimes appear to 
become slightly opaque on exposure to the air, and soon do so when 
heated in the water oven, but without losing in weight. Many quan- 
titative experiments which were made with preparations deposited 
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from mixtures of chloroform and light petroleum showed in some cases 
a loss in weight of 1 to 2 per cent. at 100°, whereas in others the loss 
was negligible; such preparations, therefore, consisted principally of 
anhydrous crystals, but also contained some hydrated ones. A sample 
consisting only of the cube-like prisms, each of which had been picked 
out separately, did not alter in weight when heated during 4 hours at 
100°, although every crystal had become quite opaque, doubtless 
owing to a change in crystalline form. 

These cube-like prisms (Fig. 7), which represent, therefore, anhydrous 
crystals of active trans-r-camphanic acid, are orthorhombic ; the domi- 
nant form is usually p{110}, and gives good results on measurement, 
but the pinacoid c{001} is also frequently of considerable size. The 
dome r{101} is generally small, but lustrous; the pinaeoid 6{010} 
is rarely observed, and when present is small. The tetrahedron 
ox{111} is very small, and whenever it is present no faces of the 
complementary tetrahedron are observed ; for this reason we describe 
the crystals as sphenoidally hemihedral. 


Crystalline system :—Orthorhombic, Sphenoidal Hemihedrism. 
a:b:c=0°9584 : 1:0°7292. 


oan Te 
Forms present :—0{010}, c{001}, p{110}, r{101}, on{111}. 


The following angular measurements were made: 


Number of 
measure- Limits. . |Caleulated. 
ments. 


36° 29’— 37° 53’ | 37° 16’ 


104 33—105 54 105 19 105° 28’ 
91 39— 92 59 92 26 
86 58 — 88 87 31 
45 48— 46 46 16 
43 J]— 44 43 37 
45 26— 47 46 21 
29 43— 30 | 30 14 
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The crystals possess a perfect cleavage parallel to c{001}, and the 
axis-c is apparently the obtuse bisectrix. 

A certain morphotropic resemblance would seem to exist between 
the orthorhombic hydrated crystals of trans-r-camphanic acid and the 
anhydrous crystals just described; this is shown by a comparison of 
the axial ratios of the two substances when written in the following 
form : 

Hydrated crystals :—a : 6b: c/2=0°9158: 1 : 0°3551 
Anhydrous _,, a:b:e =0°9584:1:0°3646 


Referring the crystals to these axial ratios, corresponding angles in the 
principal zone [100] would be very nearly equal, and corresponding 
angles lying in the other two co-ordinate planes would not differ 
greatly ; this case presents certain similarities to that of camphoric 
acid and its anhydride (Trans., 1896, 69, 1696). 

Before concluding this account of the various crystalline forms of 
the two trans-r-camphanic acids, it may be mentioned that the 
behaviour of various samples of crystals of the active acid, deposited 
from a mixture of chloroform and light petroleum, is in some respects 
indicative of the existence of two anhydrous crystalline modifications ; 
when, for example, the proportion of light petroleum present is com- 
paratively small, the acid separates in long, massive, highly trans- 
parent, well-defined prisms, which although similar so far as the eye 
can judge, show a different behaviour when they are heated in a water- 
oven ; under these conditions, about half the crystals gradually become 
opaque in the course of an hour or two, but without losing in weight 
to any appreciable extent, whereas the rest remain quite transparent, 
even after heating during 10—12 hours. In other cases, apparently 
when the proportion of light petroleum is large, the acid is deposited 
in crystals having quite a different appearance, namely, in small, ill- 
defined, transparent but slightly clouded prisms, all of which retain 
their lustre even after prolonged heating in the water oven. 

It would seem, therefore, that the active acid may be obtained from 
such solutions in two anhydrous crystalline modifications, one of which, 
namely, the orthorhombic form described above, is unstable at 90—100° 
whilst the other undergoes no change in crystalline form at this 
temperature. 


Behaviour during Cooling from the Liquid State. 


On melting a little of either of the two trans-z-camphanic acids on a 
microscopic slide under a cover-slip, and then allowing the liquid to 
solidify, a crystalline film is obtained suitable for microscopic examina- 
tion ; the behaviour of the two acids under these conditions is, at first, 
extremely similar, as they both solidify readily, giving broad individual 
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erystalline patches which extinguish uniformly; these patchesarestrongly 
marked with straight lines, usually lying at an angle of about 60° to 
each other, and are uniaxial or slightly biaxial with positive double 
refraction. The appearances and characteristics of the two films when 
examined in polarised light are so similar as to be indistinguishable, 
thus affording strong evidence that at, or near, the melting point, the 
two acids are crystallographically of identical structure; the fact 
that they have the same melting point is thus explained. 

Both acids are polymorphous, and the crystalline films when pre- 
served at ordinary temperatures change slowly but in different ways. 

The inactive acid is slowly transformed into a modification which 
grows from centres in radiate masses showing aggregate polarisation ; 
this form is biaxial and shows negative double refraction. After 
several days, however, this form in turn undergoes gradual conversion 
into a third crystalline modification ; this consists of an extremely 
confused mass, which shows aggregate polarisation to such an extent 
that its crystallographic properties could not be ascertained. 

The first obtained crystalline modification of the active acid seems to 
undergo only one change at ordinary temperatures, being gradually 
converted into a form which shows aggregate polarisation and which, 
consequently, could not be further characterised. 

Judging from the whole behaviour of the films of these two sub- 
stances, it would seem that, although the crystalline forms are 
apparently identical at, or near, the melting point, they subsequently 
become dissimilar ; this can only be due to the formation of a racemic 
compound in the case of the externally compensated substance, and as 
already demonstrated, the anhydrous acid is readily obtained as a 
racemic compound by crystallisation at the ordinary temperature. It 
has also been mentioned that the anhydrous crystals both of the active 
acid and of the racemic compound become opaque when heated owing 
to a change in crystalline form ; this fact affords further evidence in 
support of the conclusion that the two substances are of identical 
crystalline structure at, or near, the common melting point. 

Owing to the fact that both active and inactive acids are appreciably 
soluble in all the solvents at our disposal, we were unable to determine 
the densities of the crystals. 


Optically Inactive cis-r-Camphanic Acid, O- 4 5 se 


Dextrorotatory trans-r-camphanic acid is partly converted into a 
stereochemical isomeride when it is distilled under ordinary atmospheric 
pressure, small quantities of a neutral substance of the composition 
C,)H.,0,, probably a lactoanhydride, being also formed (Trans., 1896, 
69, 934). As was to be expected, the inactive ¢rans-7-camphanic acid 
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just described undergoes a similar intramolecular change on distillation 
and yields two products, namely, inactive cis-r-camphanic acid, and a 
substance which doubtless corresponds with the lactoanhydride obtained 
from the dextrorotatory acid. 

The preparation and separation of these two inactive substances are 
carried out exactly as described for the preparation of levorotatory cis- 
m-camphanic acid from z-hydroxycamphoric acid; and need not be 
repeated. 

Inactive cis-r-camphanic acid resembles the corresponding active 
compound so closely that it is impossible to distinguish one from the 
other except by optical examination ; the two compounds melt at the 
same temperature (at about 226°) when heated separately or when in- 
timately mixed, and all the varied crystalline habits of the active acid 
are met with again on crystallising the inactive substance from various 
liquids ; even slight differences in behaviour such as have been men- 
tioned in the comparative description of the trans-r-camphanic acids 
are never observed. 

Such a close agreement in properties almost forced us to the conclu- 
sion that the two optically active modifications of cis-r-camphanic acid 
do not combine to form a racemic compound, but eyrystallise separately, 
side by side, when deposited from solution. 

This conclusion was verified by experiment. When the inactive 
cis-r-camphanic acid is very slowly crystallised from a cold mixture of 
methylic aleohol and chloroform, it is deposited in large, flat, hexagonal 
plates, similar to those which have been already described in the case 
of the levorotatory acid (Trans,, 1896, 69, 971). A number of these 
crystals from various crops were examined in polarised light, right- 
and left-handed circularly polarising quartz plates being used as before, 
and it was thus proved that some of the crystals were dextro-, others 
levo-rotatory. Large crops of crystals were usually found to contain 
an approximately equal number of crystals of each kind, but other 
samples, which had been removed from the solution when only 10—20 
separate crystals had been deposited, frequently consisted of a much 
larger number of one or other modification ; this fact is, of course, 
easily accounted for, as there would probably be a tendency for the first 
crystal to promote the deposition of others of the same kind until the 
solution became more or less supersaturated towards crystals of the 
opposite modification. 

The inactive lactoanhydride referred to above separated from methylic 
alcohol in well-defined, but very small, transparent crystals, apparently 
quite different from the long needles of the corresponding active com- 
pound ; owing to the small quantity at our disposal, we were unable to 
examine this substance very fully, and although it seemed to be a 
racemic compound, we did not arrive at a definite conclusion, 
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Optically Inactive trans-Camphotricarboaxylic Acid, C,5H,,O,- 


Inactive ¢rans-camphotricarboxylic acid can be easily obtained from 
inactive ¢rans-m-camphanic acid by dissolving the latter in a small 
quantity of concentrated nitric acid, and heating the solution on the 
water-bath ; after a short time, the tricarboxylic acid begins to separate 
in lustrous, transparent, fern-like crystals, free from any appreciable 
quantity of foreign matter except nitric acid, which they seem to retain 
in small quantities. Inactive wans-camphotricarboxylic acid is 
readily soluble in cold water, but less soluble in concentrated nitric 
acid ; it also dissolves freely in alcohol and acetone, but is compara- 
tively sparingly soluble in ethylic acetate and in ether, and is precipi- 
tated by the last named from its solutions in methylic aise it is 
insoluble, or nearly so, in chloroform. 

It usually separates from cold water in white, opaque aggregates, 
composed of transparent prisms, but when crystallisation takes place 
very slowly these prisms are obtained as separate individuals of con- 
siderable size ; unlike the crystals of the active acid (Trans., 1896, 69, 
951), they are anhydrous and do not become opaque or lose in weight 
at 100°. When quickly heated from about 80° in a capillary tube, they re- 
main transparent until the temperature rises to 180° ; at about this tem- 
perature, it can be clearly seen, in the case of the larger crystals, that 
some change occurs, as the prisms either become opaque, or disintegrate 
with such violence that portions are sometimes projected a considerable 
distance up the tube; on continued heating, the substance seems 
to begin to sinter at about 210° and then melts at 224—225° effer- 
vescing vigorously and charring slightly. 

The transparent prisms just referred to seem to be an unstable, 
crystalline form of the acid, as they often become opaque when warmed 
in contact with the supernatant saturated solution. Similar crystals 
are obtained when the acid slowly separates from a dilute solution in 
acetic acid. 

Since active érans-camphotricarboxylic acid crystallises in lustrous 
hydrated pseudohexagonal orthorhombic plates which have very inter- 
esting properties (Trans., 1896, 69, 978), the crystallographic examina- 
tion of the inactive acid was especially desirable, and was made with 
crystals obtained from aqueous solutions ; although further evidence of 
the racemic character of the compound was thus adduced, the results, 
unfortunately, were not of any particular interest in other ways. 

The crystals consist of large, monosymmetric prisms (Fig. 8), which, 
although highly lustrous, are not very well suited for goniometric 
examination ; they are usually of rhomboidal shape, the forms c{001} 
and p{110} being the dominant forms. The pyramid o{111} is always 
very small but brilliant. 
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Crystalline system :—Monosymmetric. 
a:b:c=0°8264 :1:0°5764. 
B=61° 17’. 


Fic, 8. 


Forms present :—c{001!, p{110}, and o{111}. 


The following angular measurements were made : 


| 
Number of 
measure- Calculated. 
ments. 


op 111:110 ‘ 62° 48’ 

cp 001:110 3 67 6 
co 001:111 t 49 51 
pp 110:110 7 71 52 —_ 
pp 110:110 107 36 —108 108 11 | 108 8 


The extinction thrcugh p{110} makes 26° with the edge 110: 110 and 
47° with the edge 110:001; the optic axial plane is the plane of 
symmetry and an optic axis emerges through c{001} in the real obtuse 


angle ~. 


Optically Inactive trans-Camphotricarboxylic Anhydride, C,,H,,0;. 


Inactive t¢rans-camphotricarboxylic acid dissolves very slowly in 
warm acetic chloride and on evaporating the solution after having 
boiled during about 20 minutes, the anhydride is slowly deposited in 
crystals ; it is easily purified by recrystallisation from a mixture of 
ether and chloroform. 

Inactive trans-camphotricarboxylic anhydride melts at 253—254° 
without darkening, and sublimes at even lower temperatures; its 
melting point is the same as that of the corresponding active compound 
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(Trans., 1896, 69, 957), and a mixture of the two anhydrides also 
melts at 253—-254°. It dissolves freely in cold chloroform, methylic 
alcohol, and boiling ether, but is only moderately or sparingly soluble 
in boiling benzene and insoluble or nearly so in boiling light petroleum ; 
it is only slightly soluble in cold water, to which it imparts an acid 
reaction, but it dissolves readily in cold dilute sodium carbonate, causing 
effervescence. 

The crystals deposited from a mixture of ether and chloroform. are 
lustrous, transparent, monosymmetric plates (Fig. 9), much smaller 
than the crystals of the active acid obtained under similar conditions, 
and which have been previously measured (Trans., 1896, 69, 958) ; the 
pinacoid, a{100}, is usually dominant, but the crystals are very variable 
in habit and the form g{011} is sometimes dominant. The two forms 
a}100} and qg{011}, are frequently the only ones present, and the 
crystals are then of rhombohedral habit. The faces are all poorly 
developed, give multiple images, and do not fall properly into zones, 
so that the agreement between the calculated and observed values is 
not very close ; they thus contrast strongly with the crystals of the 
active anhydride. The form p{120} is very seldom observed. 


Crystalline system :—Monosymmetric. 
a@:b:¢=0°6053 : 1 : 0°6374. 
B=62° 12’. 


Forms present :—a{100}, c{/001}, r{101}, g{911}, and p{120}. 


Number of | 
measure- | Limits. 


ments. 


Calculated. 


56° 2’— 56° 58’ 
60 § 32:12 
61 3§ 5: 4 
64 22— 66 54 
112 
28 
58 
120 
| 46 
| 84 
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The optical properties of the crystals of the inactive anhydride, in 
so far as they can be determined microscopically, are identical with 
those of the crystals of the active compound ; in both cases, it is doubt- 
ful whether the optic axial plane is the plane of symmetry or perpen- 
dicular thereto, but one or both optic axes emerge through a{100} in 
the angle ar. The crystals are very brittle and too small to allow of 
sections being cut. 

The very close crystallographic similarity between the active and 
inactive anhydrides is evident from a comparison of their principal 
angles and their axial data, 

Inactive. Active. 

100 : 001 62° 12’ 63° 28’ 

001: 101 61 21 60 2 
100: 101 56 27 56 30 

ag 100:011 66 2 67 3 
eq 001:011 29 25 29 14 


Inactive. w:b:c=0°6053:1:06374. B=62°12’. 

Active. a@:b:c=0°6007:1:06255. B=63 28. 
On melting the inactive substance on a microscopic slide under a 
cover-slip, and then allowing it to solidify, it is found to be trimor- 


phous, and the behaviour of the crystalline film thus obtained is indis- 
tinguishable from that of the active acid ; the description given of the 
latter (Trans., 1896, 69, 959) therefore holds for both. 

The densities of the inactive and active anhydrides were determined 
by Retger’s method, the crystals being floated in a solution of mercuric 
potassium iodide ; the results obtained are as follows, and are obviously 
identical within the limits of experimental error. 


Inactive anhydride sp. gr. 18°/16° = 1:3890 
Active ~ - » =1°3894 


We conclude from the above observations that the crystals of inac- 
tive trans-camphotricarboxylic anhydride obtained in the manner 
described are those of a pseudoracemic substance (compare following 


paper). 
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LXXXVIII.-—Racemism and Pseudoracemism. 


By Freperic Stantey Kippine, Ph.D., D.Sc., and WiLL1aM JACKSON 
Pope. 


During the course of our work on the 7-derivatives of camphor 
(Trans., 1893, 63, 547 ; 1895, 67, 354, 371), we have had many oppor- 
tunities of comparing the physical and crystallographical properties of 
corresponding optically active and inactive (externally compensated) 
substances ; the results of this comparison, more especially in some of 
the cases described in the preceding paper, have led us to conclusions 
which we desire to place on record. 

At the present time, apparently, only two classes of optically 
inactive solid substances, composed of equal quantities of two enantio- 
morphous isomerides, are recognised. In the first place, there are mere 
mixtures, in which each of the two optically active components retains 
its own characteristic crystalline form, so that it can be separated 
from its antipodes mechanically if the two forms are distinguishable 
by the eye; and, in the second place, there are optically inactive 
externally compensated substances which are not mere mixtures in 
the above sense, and to which, therefore, the term ‘racemic’ is at 
present applied. 

It is obvious, however, from a study of the literature of the subject, 
that this term racemic has no generally accepted definite meaning, and 
consequently it is sometimes difficult to form an opinion, and opinions 
will differ, whether a particular substance should or should not be 
described as a racemic compound. In making this statement, we must 
not omit to mention that the question as to which properties afford the 
best criteria of a racemic compound has been recently discussed by 
Walden (Ber., 1896, 29, 1692), who, from the results of a comparative 
study of a large number of optically active and externally compensated 
substances, arrives at a series of conclusions, of which the last runs as 
follows :—‘‘ Als wahre racemische Verbindung kann jede inactiv (aus 
der d- und 1-Form bestehende) Substanz betrachtet werden, sobald sie 
eine von den activen Componenten verschiedene Krystallform aufweist 
und eine verschiedene Dichte besitzt, parallel damit kommt ihr 
gewohnlich auch ein verschiedener Schmelzpunkt und eine andere 
Lislichkeit zu.” 

Now, whether we adopt this conclusion or not, if we examine the 
properties of some of the inactive substances described in the preced- 
ing paper, and then try to group them into two classes, we find that, 
although some of them may be easily classed as mere mixtures on 
the one hand, or as racemic compounds on the other, there still remain 
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certain cases in which it is almost impossible to arrive at a satisfactory 
decision. ; 

Leaving out of consideration for the present the two m-chloro- and 
z-bromo-camphoric acids and their anhydrides, as many of these com- 
pounds, and especially those belonging to the inactive series, do not 
lend themselves to crystallographic investigation, we will deal in the 
first place with the active and inactive forms of trans-r-camphanic 
acid (preceding paper, p. 973). 

The active acid crystallises from ethylic acetate in large, hydrated, 
monosymmetric prisms, and from cold water in small, less well-defined, 
hydrated, monosymmetric prisms ; these two forms are crystallographi- 
cally identical. It also erystallises in another well-defined hydrated 
form, namely, in long, acicular, orthorhombic prisms ; these crystals 
are obtained when the anhydrous acid is dissolved in anhydrous benzene 
and the solution allowed to evaporate spontaneously in the air ; their 
melting point is 164—165°. 

Anhydrous crystals of the active acid are deposited from its solutions 
in a mixture of chloroform and light petroleum; these consist of 
transparent, orthorhombic prisms, which also melt at 164—165°. 

Inactive trans-r-camphanic acid separates from water in small, 
hydrated, monosymmetric prisms, closely resembling the monosym- 
metric crystals of the active acid; the two substances are remarkably 
similar from a crystallographic point of view, the same forms being 
present on each, and the corresponding angles and axial ratios differing 
but slightly ; nevertheless, the crystals are distinctly different. When, 
now, the inactive acid is crystallised from ethylic acetate, it is deposited 
in anhydrous, six-sided, monosymmetric plates, quite different crystallo- 
graphically from any of the modifications of the active substance. 
Notwithstanding these marked differences, which may be accepted as 
conclusive evidence of racemism, this modification of the inactive acid 
has the same melting point as the active compound. 

We shall have to decide, then, whether there are two racemic forms of 
trans-r-camphanic acid one of which is hydrated whilst the other is 
anhydrous, or whether the apparent racemic character of the hydrated 
form must be condemned. 

Passing on to cis-r-camphanic acid (p. 983), we find that here there 
is no doubt as to the nature of the inactive acid; as already shown, 
when the inactive acid separates from its solutions, the two optical 
antipodes of which it is composed are deposited side by side and can be 
easily identified. 

The case of inactive t#rans-camphotricarboxylic acid also offers no 
difficulty ; it differs totally from the active acid in crystalline structure, 
in its crystals being anhydrous, and in other properties, and is therefore 
a racemic compound, 
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Inactive trans-camphotricarboxylic anhydride, however, affords 
another example of one of those cases in which a decision is much 
harder to arrive at; it crystallises in monosymmetric prisms, which, 
like the crystals of the active compound, melt at 253—254°, and the 
density of the two isomerides is the same within the limits of experi- 
mental error (p. 988) ; on the other hand, although the same forms are 
present on the crystals of both anhydrides, yet the two substances differ 
appreciably in crystalline form, that is to say, corresponding angles on 
the two kinds of crystals are only approximately equal. 

It will be seen from these examples, and from many similar in- 
stances which we quote later, that externally compensated substances 
which are not mere mixtures, inasmuch as they have a different crys- 
talline form from their components, may be sharply divided into two 
classes: (a) consisting of inactive compounds the crystallographic 
properties of which differ in a very marked manner from those 
of their active components, and (+) consisting of inactive sub- 
stances the crystallographic properties of which so closely resemble 
those of their active constituents as to render distinction difficult, 
The anhydrous crystals of inactive ¢rans-r-camphaniec acid and of in- 
active trans-camphotricarboxylic acid belong to class (a), whilst the 
crystals of inactive trans-camphotricarboxylic anhydride and the 
hydrated crystals of inactive trwns-r-camphanic acid belong to class (6). 

Now the term racemic, we take it, should be applied only to those 
inactive compounds which, like racemic acid, differ from their active 
components to a very considerable extent crystallographically (and 
consequently in other properties also), and not to substances such as 
camphotricarboxylic anhydride and hydrated trans-x-camphanic acid, 
which it is difficult to distinguish by crystallographic or other 
methods from their optically active isomerides. Whilst retaining the 
name racemic compound for a substance belonging to class (a), we 
propose, therefore, to call those belonging to class (b) peeudoracemice, in 
order to distinguish them from mere mixtures of the two antipodes on 
the one hand, and from racemic compounds on the other. 

This proposed classification of externally compensated compounds is 
not only a convenient distinction to draw between substances which are 
in fact easily divisible into the three groups, (a) racemic, (b) pseudorace- 
mic, and (c) mere mechanical mixtures, but is, we believe, amply justified 
by arguments based on a consideration of crystalline structure. 

The theory of crystalline structure has, during the last thirty years, 
been securely founded by the work of Bravais, Sohncke, Fedorow, and 
more recently by that of Barlow (Zeit. f. Kryst., 1894, 23,1). It 
is now known that all crystallographically simple (namely, not twinned 
or grouped in any way) substances inust possess one or other of 230 
so-called types of crystalline structure; that is to say, there are 230 
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types of homogeneous arrangement of molecular matter in three- 
dimensional space, and every crystallographically simple substance 
must consist of parts or particles arranged in one or other of these 
typically different ways. These types differ, firstly, in their general 
symmetry, and, secondly, in the nature of the repetition in space of their 
parts or particles ; when classified according to their general symmetry, 
they fall into the 32 holo-, hemi-, and tetarto-hedral crystalline systems, 
amongst which experience shows that all crystalline substances 
must be distributed. Now Barlow has shown (Min. Mag., 1896, 11, 119) 
that the 230 simple homogeneous structures described by him 
may be symmetrically partitioned into unit groups. When thus parti- 
tioned, these structures may, for our present purpose, be divided into 
(A) those of which the unit groups are identical with their own mirror- 
images, or are of two enantiomorphously related kinds in equal numbers, 
and (B) those of which the unit groups are enantiomorphous and are 
not thus balanced. 

But the chemical molecules of all organic compounds which are 
optically active in the liquid or amorphous state contain an asym- 
metric carbon atom, so that such molecules are enantiomorphously 
related to their mirror-images ; since this statement is also true of any 
aggregate of such molecules, we can consider the unit groups of the 
partitioned structures as consisting of the chemical molecules. It thus 
follows that all optically inactive substances possessing homogeneous 
structures must, when the latter are symmetrically partitioned and 
dislocated, fall into group (A), whilst the partitioned structures of all 
optically active compounds must be classified in group (2) ; in other 
words, no optically active substance can assume the same type of 
homogeneous crystalline structure as a racemic compound. 

The question now arises as to whether a homogeneous, crystalline, 
externally compensated, inac’.‘ve substance can so closely resemble its 
optically active components 1a crystalline form as do the active and 
inactive modifications of ¢rans-camphotricarboxylic anhydride, and of 
trans-m-camphanic acid in the hydrated form deposited from aqueous 
solution. In the face of the above argument, this seems in the highest 
degree improbable, since, whilst the crystallographic resemblances are 
so great, and extend not only to the geometrical properties, but also 
to the orientation of the optical indicatrix and to other properties, the 
crystalline structures must belong the one to class (A), the other to 
class (B); and it cannot be believed that these properties, which are 
almost wholly expressions of the crystalline structure, could be in such 
close agreement if the latter were so fundamentally dissimilar as the 
above argument would indicate. Further, if it were possible that 
crystals having different types of* structure should yet exhibit the 
above similarities, we should expect to find a gradation of the degree 
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of similarity between corresponding active and inactive compounds, 
whereas, as noted above, we actually observe that these isomerides are 
either extremely dissimilar crystallographically (racemic), or else 
resemble each other so closely that distinction is difficult (pseudo- 
racemic). We are thus led to the conclusion that the crystals of 
pseudoracemic substances are not homogeneous, but are merely com- 
plicated intercalations of crystals of the right- and left-handed 
modifications similar in nature to those pseudosymmetrical quartz 
crystals which are merely interpenetrations of a right- and a left- 
handed crystal (Judd, Min. Mag., 1892, 10, 123). 

We therefore define a pseudoracemic substance as an intercalation 
of an equal, or approximately equal, proportion of two enantiomor- 
phously related components, each of which preserves its characteristic 
type of crystalline structure, but is so intercalated with the other as 
to form a crystalline individual of non-homogeneous structure. A solid* 
racemic compound, on the other hand, may be defined as a crystalline 
substance of homogeneous structure which contains an equal propor- 
tion of two enantiomorphously related isomerides. 

The relations holding between a mere mixture of optical antipodes, 
a pseudoracemic substance, and a racemic compound are closely parallel 
to those existing between a crystalline mixture, an isomorphous mix- 
ture, and a double salt. The crystallographic methods, by which a 
double salt can be distinguished from an isomorphous mixture, may be 
directly applied to distinguish between racemic and pseudoracemic sub- 
stances. Thus, according as the crystalline substance obtained from a 
mixture of two salts resembles or differs from either of its components 
crystallographically, it is regarded either as an isomorphous mixture or 
as a double salt; similarly, an inactive externally compensated sub- 
stance, which closely resembles its active isomerides crystallographically, 
is to be considered as pseudoracemic, whereas when the contrary is true, 
it is to be regarded as racemic. 

The definitions which we have just given of pseudoracemic and 
racemic compounds are no doubt based to a great extent upon theo- 
retical considerations, and it might be objected that they would be of 
little practical value in trying to arrive at a conclusion as to the 
nature of a given externally compensated substance ; we would point 
out, however, that any such conclusion must be based on a general 
review of all the properties of such a substance, and that the data 
thus collected will also amply suffice to show to which of the three 
classes, (w) racemic, (b) pseudoracemic, and (c) mere mixture, the given 
inactive externally compensated substance belongs. 

In order to make this clear, we must now dicuss the properties of 


* The question as to the existence of racemic compounds in the liquid state is not 
touched upon in this paper. 
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racemic and pseudoracemic compounds generally, and draw conclusions 
which, based chiefly upon the experimental evidence collected during 
our examination of these compounds, are also supported by facts 
recorded by others in the literature of the subject. 

Pseudoracemic crystals have nearly the same geometrical and optical 
constants as those of their enantiomorphous components ; small, but 
perfectly distinct, differences between corresponding angles do, however, 
actually occur, and may be attributed to the disturbing effect of inter- 
calation, The nature of these differences will be evident from the 
tables already given (pp. 976, 988), in which some of the corresponding 
angles are compared in the cases of active and pseudoracemic trans-7, 
camphanic acid and ¢rans-camphotricarboxylic anhydride ; other ex- 
amples are quoted later. 

Although crystals of pseudoracemic substances may appear weil- 
defined to the unaided eye, goniometrical examination reveals the fact 
that their faces show multiple images just as in the case of crystals of 
impure substances, owing probably in both cases to the disturbance 
set up by the intercalation of different structures ; the crystals of the 
two compounds just mentioned exhibit this property in a very marked 
manner. The crystals of racemic compounds, on the other hand, 
differ so widely from those of their enantiomorphously related com- 
ponents that no more striking similarities than are involved in 
morphotropic relationships are ever observed either amongst the 
geometrical or optical properties. 

The melting point of a pseudoracemic compound is the same as that 
of its enantiomorphously related components, provided it does not 
change its crystalline structure and become a racemic compound below 
its melting point. 

This conclusion seems to be justified by a consideration of the 
general behaviour of optically inactive externally compensated sub- 
stances on melting. It is well known that, in a great many cases, an 
optically inactive substance which, at ordinary temperatures, may be a 
mere mixture, a pseudoracemic substance or a racemic compound, 
melts at the same temperature as its active constituents (compare 
Walden, /oc. cit., p. 1696) ; as this result can hardly be fortuitous, it 
must be assumed that an optically active substance melts at the same 
temperature whether heated alone or in intimate contact with its 
optical antipodes, unless the two unite to form a racemic compound. 
The facts that some compounds which are doubtless racemic at ordinary 
temperatures melt at the same temperature as their active components, 
whereas pseudoracemic substances, or mere mixtures of the two anti- 
podes, do not always melt at the same temperature as their active 
components, can be advanced neither for nor against this view, for the 
following reasons. Organic compounds are frequently polymorphous, 
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and are peculiarly prone to change their type of crystalline structure 
as the temperature changes ; many illustrations of this fact have been 
given in our previous papers (Trans., 1895, 371). Since the type of 
crystalline structure assumed by a given substance is dependent on 
the temperature, and only certain types of crystalline structure are 
possible for racemic compounds, on the one hand, and for pseudoracemic 
or optically active substances, on the other (p. 992), it follows that a 
change in temperature may cause either the resolution of a racemic 
compound into, or the formation of a racemic compound from, its 
constituents. 

Consequently, a substance which, at ordinary temperatures, is racemic, 
may melt as such, or it may be first converted into a mixture of the 
active components, in which case it will melt at the same temperature 
as the active substances ; conversely, a substance which at ordinary 
temperatures is pseudoracemic or a mere mixture of two optical 
antipodes, may become racemic when heated, in which case the melting 
point will be different from that of the active components. 

The whole subject of the melting points of such optically inactive 
substances is, in fact, elucidated by these considerations, and although 
experimental evidence in their support is somewhat difficult to obtain, 
we believe that the following will suffice to show that they are well 
founded. 

Racemic trans-7-camphanic acid appears to melt at 164—165° simul- 
taneously with the active acid, but, before melting, the crystals, which 
are at first transparent, become quite opaque, owing to a change in 
crystalline form ; if, as we think probable, the result of this crystal 
line change is the resolution of the racemic compound, it is clear that 
there is nothing anomalous in the identity of melting point. A micro- 
crystallographic comparison of the crystalline films of the active 
and inactive acids obtained by melting them on a microscope slide 
affords very strong evidence that at temperatures just below 164°, the 
crystalline structure is of the same type, but becomes dissimilar on 
cooling to ordinary temperatures ; the simplest explanation of this is, 
that the racemic compound, which we have examined crystallographi- 
cally (p. 977), exists at the ordinary temperature, but is resolved into 
its components when heated below the melting point. 

Very convincing evidence is obtained by the study of trans-campho- 
tricarboxylic anhydride ; we conclude from the geometrical and optical 
properties, and from the habit and density of the crystals of the inactive 
substance, that they are pseudoracemic. The active and pseudoracemic 
anhydrides melt at the same temperature, so that on melting them on 
a microscope slide and watching the cooling films, both are found to be 
trimorphous ; moreover, the similarity existing between each pair of 
Corresponding crystalline modifications is so great that the two 
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forms are indistinguishable ; in this case, we must conclude that no 
racemic compound is formed on heating the pseudoracemic substance, 
and the melting points of the active and inactive anhydrides are conse- 
quently identical. 

Jaactive r-bromocamphor (Trans., 1895, 67, 387), as deposited from 
solution, is doubtless racemic, but its melting point (about 92°7°) is so 
close to that of the corresponding active compound (93°4°) that a diffe- 
rence is not easily established, especially as the melting point of the 
inactive substance is not quite sharp. The examination of crystal- 
line films of the two substances shows that, on cooling, they both yield 
at first a cubic modification, but whereas the inactive substance 
only changes once (doubtless to the racemic compound), the active 
isomeride first undergoes conversion into one, and then into a second 
doubly refracting modification. Further, mixtures of active and race- 
mic z-bromocamphor melt at practically the same temperature as the 
separate constituents. This behaviour seems to indicate that the 
racemic compound becomes a mere mixture when heated, and has 
consequently the same melting point as the active substance ; we are 
not disposed to attribute much importance to the very trivial difference 
between the observed melting points of the active and inactive sub- 
stances, because it is quite possible that this difference may be due to 
the change in crystalline form of the latter taking place very near the 
melting point. 

The inactive and active forms of z-chlorocamphor show a behaviour 
which is, on the whole, analogous to that of the corresponding bromo- 
derivatives, and leads, therefore, to the same conclusions. 

Inactive cis-7-camphanic acid does not form a racemic compound when 
deposited from solution at ordinary temperatures, and melts at the same 
temperature as the optically active substance ; a mixture of the opti- 
cally active and inactive acids has also the same melting point as the 
former. 

Active z-bromocamphoric anhydride, the inactive substance (which 
seems to be pseudoracemic), and a mixture of the two, all melt at the 
same temperature ; éwns-camphotricarboxylic anhydride shows a similar 
behaviour. 

The above cases, all of which have arisen during our study of the 
a-derivatives of camphor, are quoted as examples either of the resolu- 
tion of racemic compounds or of the non-formation of racemic from 
pseudoracemic substances or mixtures on heating ; as examples of the 
converse kind, namely, of the formation of racemic compounds from 
mere mixtures or pseudoracemic substances on heating, we instance 
the following. 

Dextro- and levo-camphorsulphonic chlorides crystallise in large; 
orthorhombic tetrahedra (Trans., 1893, 63, 565), which melt at 137'5°; 
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the inactive substance crystallises in large prisms, having apparently 
the same axial ratios as, and similar optical properties to, those of the 
crystals of the active compounds, but which, as we préviously pointed out 
(loc. cit., p. 561), seem to be produced by twinning, as in the case of 
quartz. These crystals, which bear every mark of being pseudoracemic, 
melt at about 106°, namely, 30° lower than those of the active com- 
pounds. The behaviour of the camphorsulphonic bromides is closely 
analogous to that of the chlorides (Trans., 1895, 67, 359) ; the active 
compound melts at 144—-145°, whilst the pseudoracemic substance melts 
at 115—120°, doubtless owing to the formation of a racemic compound. 

An intimate mixture of the enantiomorphously related methyl- 
mannosides (E. Fischer and Beensch, Ber., 1896, 29, 2927) melts at 
165—166°, namely, at the same temperature as the racemic compound ; 
the active compounds melt separately at 190—191°. As inactive 
methylmannoside is known to form a racemic compound when deposited 
from solution at or above a certain temperature, whilst it gives a mere 
mechanical mixture of the two antipodes at lower temperatures, there 
is here very convincing evidence that the depression of the melting 
point is due to the formation of a racemic compound. 

The case of the gulonic lactones, also described by Fischer (Ber., 
1892, 25, 1027), is very similar to the foregoing. The two inactive 
isomerides melt at 181°, and do not yield a racemic compound when 
deposited from solution at the ordinary temperature ; an intimate 
mixture of the two components, however, melts at 160°. Fischer him- 
self remarks: ‘ vielleicht entsteht unter diesen Bedingungen die 
wirkliche racemische Verbindung,” and doubtless this is so. 

A large number of similar cases might be quoted, but the above 
amply suffice for our purpose. We conclude, therefore, that if an 
externally compensated substance melts as a mixture or whilst pseudo- 
racemic, its melting point is that of its active components, but if it 
melts whilst racemic, its melting point is not the same as that of the 
active isomerides ; further, it may be expected that if the substance 
melts as a racemic compound, the melting point would be depressed in 
presence of a slight excess of one or other enantiomorphous component, 
but that no depression would occur under similar conditions if the 
substance melted as a mere mixture or whilst pseudoracemic. 

It follows immediately that the melting point affords no conclusive 
evidence as to whether a given inactive substance is or is not a race- 
mic compound when crystallised at the ordinary temperature. It is 
no doubt true that when an inactive substance melts at a higher 
temperature than its components we are justified in regarding this fact 
as indicative of the existence of a racemic compound, as already sug- 
gested by E. Fischer (Ber., 1894, 2'7, 3225), but it cannot be accepted 
asa proof of the same. Fischer’s argument (Joc. cit.), that, because 
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mixtures of two substances generally melt at a lower temperature than 
either constituent, therefore it is impossible to draw conclusions as to 
the racemic character of an externally compensated substance which 
has a lower melting point than its components, is far less convincing ; 
the fact that, in such a case, the melting point is depressed is, in our 
opinion, due to the formation or existence of a racemic compound at 
the melting point, but again there is no evidence as to whether the 
latter exists at ordinary temperatures. 

Much, however, may be learned by the method of examination which 
we have adopted in many cases, namely, by studying the changes under- 
gone during cooling by very thin films of the externally compensated 
substance. Lehmann has shown at length (Molekularphysik, 1888, 
1, 119) that such microcrystallographic methods are of great service, 
and we ourselves have found, on several occasions, that important 
information may often be obtained in this way (compare Trans., 1895, 
67, 387, and preceding paper, p. 982). 

The solubility of a pseudoracemic substance, like that of a racemic 
compound, is different from that of the enantiomorphous components 
taken separately. 

Much misconception appears to prevail with regard to this question, 
for, although it seems to be generally understood that the solubility of 
a racemic compound is not the same as that of either of its active com- 
ponents (compare Wallach, Annalen, 1895, 286, 137), conflicting views 
are held as to the solubility of a mere mixture of two optical anti- 
podes. Walden, for example, states that the solubility of sucha 
mixture should be twice that f its enantiomorphous constituents (Joc. 
cit., p. 1704). There would seem, however, to be no experimental or 
theoretical justification for this statement, or for supposing the existence 
of any simple numerical relation between the solubility of a mechanical 
mixture of two enantiomorphs or of a racemic compound on the one 
hand, and that of one of the enantiomorphs on the other. That no 
simple relation holds in the case of a racemic compound, is shown by 
numerous examples (compare Walden, loc. cit.), and that the same is 
true in the case of mere mixtures of two antipodes is proved by Scacchi’s 
determinations of the ratio of the solubilities of active sodium ammo- 
nium tartrate and of a mixture of the corresponding dextro- and lwvo- 
rotatory compounds (Rend. soc. reale di Napoli, 1864, 4, 250). This 
ratio was found to be 1 : 1°412 at 12:8° and 1:1:271 at 26°2°, the tem- 
perature in both cases being below that at which the racemic salt 
separates from solution. 

According to Ladenburg (Ber., 1894, 27, 3065 ; 1895, 28, 164), the 
fact that a mixture of two optical antipodes containing excess of one or 
other modification can be separated by crystallisation into fractions 
having different specific rotations, is evidence of the presence of a 
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racemic compound in the mixture. The case of camphorsulphonic 
chloride, however, seems to disprove this view ; as we have previously 
shown (Trans., 1893, 63, 547), the dextrorotatory substance can be easily 
isolated from a mixture of the two antipodes when it is present in 
excess, but, at the same time, the inactive substance cannot be regarded 
as a racemic compound. Camphorsulphonic bromide shows exactly 
the same behaviour (Trans., 1895, 67, 354). 

It would seem, therefore, that solubility determinations are use- 
less at present as a means of proving whether a particular crystalline 
substance is racemic, pseudoracemic, or a mere mixture, and con- 
clusions which, like those of Aschan (Acta Soc. Scient. Jenn, 21, [v], 
206) in the case of w-bromocamphoric anhydride, are based mainly on 
the solubility, have consequently little weight. 

It is, indeed, doubtful whether the enormous difference in solubility 
of the active and inactive calcium galactates (Fischer, Ber., 1894, 27, 
3225) can be accepted as conclusive evidence of the racemit nature of 
the latter. 

It would be expected that a valuable criterion of pseudoracemism 
might be found in the density; since a pseudoracemic substance is 
merely an intercalation of two crystalline structures of equal density, 
there is no obvious reason for assuming that any change will occur. 
In this connection, however, it has still to be ascertained whether the 
disturbances in growth attending intercalation are of sufficient magni- 
tude to appreciably affect the density ; in the only case which we have 
been able to examine satisfactorily, namely, that of ¢rans-camphotri- 
carboxylic anhydride, the active and inactive substances were found 
to have the same density within the limits of experimental error. 
Cases such as those of dipentene tetrabromide (Hintze, Annalen, 1885, 
227, 278) and of inactive carvoxime (P. Beyer, Zeits. f. Kryst., 1890, 18, 
296) are, however, on record in which the crystalline form of the active 
and inactive compounds are remarkably similar, but in which the 
densities are appreciably different (Liebisch, Annalen, 1895, 286, 140) ; 
the crystals of dipentene tetrabromide exhibit the characteristics of 
pseudoracemic compounds with particular distinctness. Further 
investigation of these compounds is obviously desirable. 

Racemic compounds apparently conform to Liebisch’s rule (Annalen, 
1895, 286, 140), which states that their crystals have a higher density 
than those of their optically active components. 

Since, in the foregoing pages, we have dealt almost exclusively with 
facts relating to compounds which we ourselves have studied, it is 
now necessary to refer briefly to other inactive substances and to 
examine the data which have been interpreted by others as proofs 
of racemism; from this examination, we hope to show that pseudo- 
racemism is of common occurrence. 
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Dextrorotatory and inactive w-bromocamphoric anhydrides, both of 
which melt at 216°, have been prepared by Aschan (Joc. cit., p. 193), 
who concludes that the inactive substance is racemic because its solu- 
bility in chloroform is different from that of the active compound ; 
that this cannot be accepted as evidence, is shown above. Further, 
Aschan’s two preparations were examined crystallographically by 
Wiik (loc. cit., pp. 203, 205); they are both orthorhombic and the 
axial ratios are but slightly different, being 


a:6:c=0°8880 :1:0°5775 
in the case of the dextrorotatory substance, and 
a:b:¢=0°8725:1:0°5799 


in the case of the inactive compound. Wiik also states that the crystals 
of the inactive anhydride are smaller and less well-developed than 
those of the active substance ; that they show vicinal faces and can be 
measured only approximately. All these facts point to the conclusion 
that inactive w-bromocamphoric anhydride is a pseudoracemic sub- 
stance. 

Active carvone tribromide melts at 88—89° and forms rhombic 
crystals (Liebisch, Annalen, 286, 142) which show the principal angles 


110:110=50° 37’; 011:011=76° 532’; 110:011=74° 42}°. 


The inactive substance melts at 65° and is also rhombic, showing the 
corresponding angles 


110:110=50° 31’; 011: 011 =76° 52’; 110:011=74° 29’, 


but it would seem from the incomplete measurements that these 
crystals were less well-developed than those of the active tribromide ; 
the density of the two substances is the same. Here again, therefore, 
it would seem that the inactive substance is either pseudoracemic or a 
mere mixture, but that it becomes racemic when heated. 

Dipentene hydrochloride nitrolanilide seems to be merely a pseudo- 
racemic intercalation of the oppositely active limonene compounds ; 
P. Beyer (Zeits. f. Kryst., 18, 296) found the crystals of the active and 
inactive substances to be anorthic, and gives the following axial data 
respectively :—a :b:c=0°71036:1:1:0351. a=101°9'; B=103° 4’; 
y = 78° 22’, and a:b:c=0°70613:1:0°98191. a=101° 6’; B=102° 39; 
y=78° 18’. The only appreciable differences between the two kinds 
of crystals occur in the zone [010], and Beyer notes that in the crystals 
of the dipentene compound the angles in this zone are not constant, 
and much striation is observed. The melting points of the active and 
inactive substances differ considerably, owing, doubtless, to racemation 
occurring before melting. 
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Inactive phenyl-a8-dibromopropionic acid would also seem, from 
Fock’s description (Ber., 1893, 26, 832), to be pseudoracemic. 

The data given for many other compounds, such as urimidosuccinic 
acid (Grattarola, Atti soc. Tosca. sc. nat., 1890, 11, 119), phellandrene 
nitrite (Wallach, Annalen, 1888, 246, 235), and others mentioned by 
Walden (Joc. cit., pp. 1696 and 1706), do not afford satisfactory proofs 
of racemism or of pseudoracemism, as it is not shown that each 
crystal really contains the two enantiomorphous isomerides. The case 
of dextro- and levo-f-asparagine is, however, an especially instructive 
one ; La Valle (Gazzetta, 1887, 1'7, 226) states that the inactive sub- 
stance consists of right- and left-handed hemihedral crystals, and fre- 
quently the two antipodes are twinned in parallel positions, so that if 
these contact twins became completely interpenetrant, they would 
result in an apparently holohedral individual. The latter is exactly 
the kind of association which seems to oceur in the formation of a 
pseudoracemic crystal. 

CHEMICAL DEPARTMENT, 


CENTRAL TECHNICAL COLLEGE, 
CiTy AND GUILDs oF LONDON INSTITUTE. 


LXXXIX.—The Carbohydrates of the Cereal Straws. 
By C. F. Cross, E. J. Bevan, and CLaupE Samira. 


WE have in previous papers discussed the general relationships of the 
furfuraldehyde-yielding constituents (abbreviated to “ furfuroids”’) of 
the cereal stems, to the pentoses and pentosans on the one hand, and 
to the hexoses and their aggregated forms (anhydrides) on the other. 
The evidence so far available justifies the assumption that amongst 
these furfuroids there is a group of pentose derivatives of the general 


formula 
C,H,0,<0>CH,. 


That evidence we do not propose to discuss again in detail, but being 
well aware that the basis for this view was indirect and inferential, 
we have endeavoured to verify the hypothesis by more positive and 
direct proofs. In the search for such proofs, it is not surprising that 
we encountered considerable difficulties, the nature of which will be 
readily appreciated from the consideration of the literature relating to 
an analogous group of compounds of which piperonal is the type. This 
compound, the methylene ether of protocatechuic aldehyde, 


COH-C,H,<)>CH,, 
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was known for many years before this formula was suggested for it ; 
and the proofs of this now generally accepted view of its constitution 
are still mainly indirect, although a recent synthesis of the compound by 
the interaction of protocatechuic aldehyde, alkali hydroxide, and methy- 
lenic iodide (Wegscheider, Monatsh., 1893, 14, 382) affords important 
confirmation. The methods of resolution and synthesis successfully 
employed in determining the constitution of this substance are quite 
inapplicable to a pentose methylene ether by reason'of the extreme 
sensitiveness of the pentose residue to the action of acids at high tem- 
peratures, and of alkalis at ordinary temperatures, actions which the 
aromatic residue of piperonal satisfactorily withstands. 

The most direct proof of the hypothetical formula which we have 
proposed for the special group of furfuroids under investigation is the 
fact that the action of hydrogen sulphide on the solutions of these 
compounds obtained by acid hydrolysis of the cereal celluloses give 
rise to characteristic thioformaldehydes ; these, however, are formed in 
small quantity only, and as the result of special experiments, As 
we shall subsequently show, it is extremely difficult, under the condi- 
tions of high temperature necessary for complete solution (hydrolysis) 
of these compounds, to avoid the further condensation of the products. 
In our recent work, we have obtained these products in various stages 
of further condensation as shown by their yielding, not the 38—42 per 
cent. of furfuraldehyde which might beexpected from a pentose derivative 


of the simple formula C,H,0,<e>CH,, and as was obtained in our 


earlier experiments, but 50—64 per cent. of furfuraldehyde. Moreover, 
these condensed forms differ in their behaviour with phloroglucinol. 
The products described in our previous paper give a pure blue coloration 
on warming with the phenol in presence of hydrochloric acid, and in 
this respect show a well-marked distinction from the pentoses, which 
give the well-known and characteristic rose-red coloration. The series 
of condensed products, on the other hand, may be fairly said to give no 
colour reaction, in fact nothing but brown, amorphous products are 
produced when the heating is long continued. 

We next have to consider these compounds in relation to alcoholic 
fermentation. In our last paper, we showed that the products of acid 
hydrolysis of the constituents of the tissues of the cereals taken at the 
earlier periods of growth were fermented by yeast in neutralised solu- 
tion. As evidence of the fermentation of the furfuroids, we relied on 
determinations of furfuraldehyde (and other constants) before and after 
fermentation ; this evidence is open, however, to the objection that 
these compounds might disappear from solution otherwise than by 
fermentation, for example, by an assimilating action of the yeast cell, 
such as has been shown by Bokorny to obtain for a large number of 
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carbon compounds (Dingl, Polyt. J., 1897, 303, 115). We have there- 
fore made a number of experiments for the purpose of revising our 
previous conclusions, and generally, also, in view of the importance of 
the question, with the object of dissecting and separately studying the 
various possible factors of such a phenomenon. We arrive at the 
following conclusions : 

1.—We confirm Tollens in his statements that the pentoses, when 
examined alone, completely resist fermentation (Stone and Tollens, 
Annalen, 1888, 249, 267). 

2.—That the pentoses in presence of hexoses are equally resistant, 
the latter alone undergoing the usual fermentation. 

3.—But the pentoses in contact with yeast do, under certain cir- 
cumstances, disappear without any attendant fermentation phenomena ; 
this disappearance, which is shown by determinations of furfuralde- 
hyde in the original solution containing a weighed quantity of a 
pure pentose, and after contact with yeast, seems to be due to the 
assimilation of the pentose by the yeast. We have observed decreases 
from the normal 48 per cent. to 17—24 per cent. The necessary con- 
dition for this result appears to be a low vitality of the yeast, such as 
can be brought about by washing it and leaving it for 24 hours in 
water. In the process of assimilation, it is to be noted that the pen- 
tose undergoes a constitutional change, for the amount of furfuralde- 
hyde obtainable from solutions thus treated is the same, whether in 
determining the residual furfuroid the yeast is previously filtered off, 
or included in the process of distillation for furfural. 

4,—We have carried out a number of fermentations with solutions 
of the furfuroids under investigation, and obtained by acid hydrolysis 
from various sources. The constants of the solutions have been deter- 
mined before and after fermentation ; in some cases, also, the amount 
of alcohol produced has been determined. 

We are now in a position to affirm on a more positive basis that 
there is a group of furfural-yielding carbohydrates, pentose derivatives, 
in fact, susceptible of undergoing fermentation by yeast with produc- 
tion of alcohol and carbonic acid. Some recently published investiga- 
tions of Tollens and Glaubitz (J. fur Landw., 1897, 106—107) have 
similarly shown that, in the “lager” beer fermentation, the soluble 
furfuroids of the malt are fermented in considerable proportion. This 
is an important biological fact, as well as of special significance in 
relation to the more purely chemical or constitutional problem which 
we have in hand. It may be taken in conjunction with the closely 
related question of animal digestion. 

A large number of experimental investigations have been made in 
relation to the question, “ Are the ‘ pentosans’ digestible?”"—the ob- 
servers in this field having used, and still continuing to use, this term 
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as including all furfural-yielding carbohydrates. The answer is uni- 
formly in the affirmative, and it is now fully established that the 
furfuroids, as we prefer to term them, of fodder plants are in large 
proportion digested in their passage through the animal organism. 
We think it should be noted that the question as regards the pure 
pentoses is still undetermined, although the investigations on record 
go to show that they are not assimilated. 

Before we proceed to a record of the experimental work upon which 
the above conclusions are based, we may brietly review the main 
points in the evidence previously advanced for the specialised constitu- 
tion of the group of furfural-yielding carbohydrates, constituents of 
the permanent tissues of cereals, and obtained from the latter by the 
action of acids at high temperatures. 

1.—The distinctive colour reactions with the characteristic reagent 
of the group, namely, phloroglucinol. 

2.—The exceptionally high numbers for cupric reduction, which are 
much in excess of those of the pentoses, these, again, being 10—15 
per cent. in excess of those of the hexoses. This indicates the presence 
of a second CO-group in the molecule, or of a considerable proportion 
of such dicarbonyl compounds. 

3.—The presence of a group easily oxidised by hydrogen peroxide in 
acid solution with production of carbonic acid. 

4,.—The susceptibility of these products of hydrolysis to the action 
of yeast, confirmed by the results of the present paper, and more defi- 
nitely established as a case of true fermentation. 

5.—Lastly, if we consider the raw material from which many of 
these products have been obtained, namely, the pure celluloses isolated 
by the severe treatments employed by the paper-maker, we must concede 
that resistance to the action of alkali hydroxides at high temperatures 
indicates a constitution very different from that of the pentosans, which 
are easily dissolved by dilute alkalis in the cold, and decomposed at 
high temperatures. 

This is briefly a statement of the case for the recognition of a group 
of furfural-yielding carbohydrates, which are neither pentoses nor pen- 
tosans, although closely related to them; and, consequently, for 
extending the use of the term “furfuroid,” so as to include the entire 
groi pentoses, pentose derivatives, and certain dicarbonyl com- 
pounds, which give furfuraldehyde as a characteristic product of 
decomposition on treatment with acids, 
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EXPERIMENTAL. 
Hydrolysis of Celluloses. 


The celluloses of straw and esparto have been treated with acids 
under various conditions, the results of an experiment being expressed 
by the proportion of the insoluble residue, and an estimation of the 
furfuraldehyde which it will yield ; and as regards the solution, the total 
dissolved matters, the furfuraldehyde yielded, and its cupric-reducing 
power ; the latter being chiefly a measure of the proportion which has 
been fully hydrolysed (monoses). The following results are typical. 

Esparto cellulose. Conditions of action: 80 grams of cellulose 
(dry), 500 c.c. of dilute sulphuric acid (1 per cent. H,SO,). Heated 
in a closed- digester to the various steam pressures indicated, and 
maintained 15—30 minutes at that temperature. 

Constants of dissolved 
products per 100. 


Steam pressure Furfur- CuO reduction 
in atm. Residue. Dissolved. aldehyde. (dextrose=100). 


1 81°3 21°3 34°9 105 
2 85°6 18°8 39°6 119 
3 80°6 11°9 61:0 135 


These numbers show that, up to a certain point, the hydration of 
the anhydride (cellulose) is measurable by the increase in total weight 
of the products ; at the higher temperature, dehydration is shown by 
a considerable deficiency in the sum of the weights of the products, 
the condensation being equally evident from the increase in the fur- 
fural number. The increase in the cupric reduction is also noteworthy, 
for, according to our observations, furfuraldehyde itself is without 
sensible action on alkaline cupric solutions under the ordinary condi- 
tions of a “‘ sugar estimation.” The solutions, it may be observed, all 
contain small quantities of free furfuraldehyde. 

A similar series of digestions was carried out with straw cellulose, 


of which the following are the results :— 
Constants of dissolved 
products per 100. 
Steam pressure Farfur- CuO reduction 
in atm. Residue. Dissolved. aldehyde. (dextrose=100). 
2 86:1 11-0 61:3 148-0 
3 84°7 11:0 64:5 138-0 
34 66°7 17°4 43°5 142°8 
We have to call special attention to this series, and especially to the 
result obtained at 34 atm., where the heating lasted for 30 minutes. 
Under these conditions, the condensation of the dissolved (hydrolysed) 
products is rapid ; in fact, a large quantity of furfuraldehyde is formed. 
The extent of the dehydration is shown by the very large difference 
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between the sum of the products and the amount of original cellulose 
(100 parts). “The furfural number is calculated to the fixed residue 
obtained by evaporating to dryness the neutralised (with BaCO,) and 
filtered solution. 

The particular feature of this result is the clear indication it affords 
of the conditions of temperature and duration of heating leading to 
further condensation of the furfuroids. 

The solution obtained in this experiment gave a considerable precipi- 
tate with hydrogen sulphide, which was much increased on adding hydro- 
chloric acid ; the precipitate had the characteristic odour and properties 
of trithioformaldehyde.* 

It will be noted that the numbers for cupric reduction are excep- 
tionally high in this series, much higher than those accounted for on 
the hypothesis that the products of resolution are pentoses. This was 
also negatived by the solutions failing to give any colour reaction with 
phloroglucinol. In carrying out this qualitative test, it is necessary to 
allow the reaction of the phenol with the small quantity of free fur- 
furaldehyde to become complete at the ordinary temperatures, and after 
removing the dark coloured condensation product by filtration to heat 
the clear filtrate in the usual way. 

No red or blue colour reaction was obtainable, and on continuing to 
heat, brown, amorphous products were produced by condensation. It 
is evident, therefore, that, under these conditions of hydrolysis and 
subsequent condensation, a series of products can be obtained from a 
soluble carbohydrate to furfuraldehyde, on the one hand, accompanied 
on the other by formaldehyde and insoluble products resulting from 
their interaction. 

It is our intention to follow up these results by operations ona very 
much larger scale so as to facilitate the separation of the several pro- 
ducts. 

It should be noted that the furfuroids of esparto cellulose are more 
resistant to acid hydrolysis than those of straw cellulose, more especi- 
ally at temperatures corresponding with a steam pressure of 2 atm. 
They are dissolved (hydrolysed) at that temperature with much lower 
numbers for cupric reduction, and also for furfuraldehy?e. At the 
higher temperatures, these differences disappear. 


Fermentation of the Products-of Hydrolysis (Celluloses). 


Esparto and straw cellulose were treated under the conditions above 
given, the duration of heating at the maximum temperature being, 


* This solution, when saturated with hydrogen sulphide in presence of hydrochloric 
acid, gave a precipitate of thioaldehyde amounting to 15 per cent. of the weight of 
the dissolved products, and the filtrate from this yielded as much furfuraldehyde as 
the original untreated solution. 
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however, reduced to 15 minutes. The solutions were then neutralised 
with calcium carbonate and fermented with yeast, the constants being 
determined before and after fermentation. 


Straw Cellulose (Extract). 


Furfuraldehyde,  Cupric reduction. 
Before fermentation 140°0 
After fermentation }* 72°5 


Alcohol formed, 9°7 per cent. of dissolved solids. 


Esparto Cellulose. 


Furfuraldehyde, Cupric reduction. 
Before fermentation 119°5 
After fermentation 70°2 
Alcohol formed, 13-7 per cent. of dissolved solids. 


That these solutions contain no appreciable quantity of hexoses is 
shown indirectly by the high furfural numbers ; confirmatory evidence 
was obtained by the absence of saccharic acid from the products 
of oxidation of a portion of the original solution by nitric acid, also 
by the study of the osazones, which in both cases were found to melt, 
after purification, at 139°, and contained no products of higher melting 
point. 

Barley Straw.—Specimens of barley straw from the Rothamsted 
Plots 10 and 7.a (crop 1895) were hydrolysed by boiling for 2 hours 
with dilute sulphuric acid (2 per cent. H,SO,) under the ordinary 
atmospheric pressure. The original straw, containing furfuroids re- 
presented by 15—17 per cent. furfuraldehyde, yielded an extract con 
taining 70—80 per cent. of the total furfuroids (represented by 12°6 
of furfuraldehyde) calculated to the original straw. The neutralised 
solutions were fermented with the following results : 


Furfuraldehyde. Cuprie reduction. 
Before fermentation 104°1 
After fermentation ° 16°1 


A large number of similar observations of fermentation have been 
made, in some of which the amount of alcohol formed has been deter- 
mined. These operations, however, we are now carrying out on a very 
much larger scale, using 6—7 kilos. of raw material, so as to allow of a 
much more exact determination of all the products of fermentation. 
For this reason, and also from the consideration that certain errors are 
likely to invalidate conclusions drawn from observations on the small 
scale, it would serve no useful purpose to multiply records of such 
observations. 
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It is so far established that an ordinary alcoholic fermentation 
of hydrolysed tissue furfuroids does take place, and that, in consequence, 
they are constitutionally different from the pentoses. 


Experiments in Investigation of the Relationships of the Pure 
Pentoses to Yeast. 


In interpreting results of fermentation experiments, we have assumed 
that the disappearance of furfuroids, as measured by estimation of the 
furfuraldehyde before and after fermentation, may be set down to 
actual fermentation of the furfuroid. 

In a series of fermentations, known mixtures of the pentoses (xylose 
and arabinose) and dextrose were employed. After fermentation, the 
furfuraldehyde was estimated and calculated to the known weight of 
the pure pentose taken. 

In regard to the following statement of results, it must be re- 
membered that the pure pentoses yield 48—50 per cent. of furfural- 


dehyde. 
Residual furfuraldehyde. 


Mixture fermented. calc. to pentose taken. 
2 grams dextrose 0:225 xylose 41°3 
Ba: im 0:300 arabinose 36°7 
ah 0°200 9 34°1 
1 0500 re 22°77. 
1 0:500 ” 28°7 


(A certain proportion of nitrogenous nutrient was also added). 

These results show a variable and in some cases considerable dis- 
appearance of the furfuroid. It must be noted here that the conditions 
of fermentation were variable, not only as stated, but also in regard to 
the kind and condition of the yeast, the duration of the action, and in 
other respects, mainly for the reason that the results were obtained on 
the purely empirical basis of observation. 

To determine more closely the cause of the disappearance of the 
furfuroid, further investigation was necessary. The pure pentoses 
were accordingly placed in contact with fresh brewers’ yeast, the solu- 
tions containing 4 grams of pentose per 100 c.c. and a sufficient quantity 
of nutrient solution. A small evolution of carbonic anhydride was 
observed in certain cases, and a small diminution in the quantity of 
pentose corresponding with a fall in the furfural number to 43—46 per 
cent. In other cases, there was no action, and the furfural number 
remained unaltered. These observations sufficiently confirm Tollens’ 
results that the pentoses themselves are not fermented. 

In these experiments, we obtained indications that the second 
phenomenon, that is, the disappearance of the pentose without fer- 
mentation, observed in some instances, was dependent on the condition 
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of the yeast employed. A quantity of yeast was therefore set aside 
for some hours in water, with the addition of nitrogenous nutrient 
matter. The experiments with the pure pentose (arabinose) were 
then repeated. In this case, the furfural number fell to 227 per cent. 
In a second experiment, the yeast was “starved” for a period of 24 
hours and the experiment again repeated. In this case, nearly 75 per 
cent. of the pentose disappeared, the furfural number falling to 11°35 
per cent. The latter result was confirmed by a subsequent experiment 
in which the yeast itself was included in the solution in which the 
“residual furfural” was estimated. The result was the same. It is 
thus shown that the pentoses are, under certain circumstances, a 
yeast-food, and further, that their assimilation by the yeast cell is 
attended by a change of constitution. They are probably assimilated 
as hexoses. 

To test the correctness of these conclusions, the original experi- 
ments with mixtures of hexoses and pentoses were repeated, using 
fresh brewers’ yeast and smaller proportions of the pentoses, and es- 
timating the residual furfuraldehyde when the fermentation was 
nearly complete. The following results were obtained : 


Residual furfuraldehyde 
Mixture fermented. calc. to pentose taken. 


2°0 grams dextrose 0:2 gram arabinose 50°5 
10 r 02 » ” 50°3 
10 ” 02 » 50:1 


From these results, we conclude that in a vigorous fermentation, 
not unduly prolonged, the pentoses are not assimilated by the yeast 
cell, 

These observations were sufficient for the purposes of our investiga- 
tions, and the results indicate the precautions necessary to be observed 
in dealing with either pentoses or furfuroids. 

To measure the fermentation by the fall of the furfural number 
only, is admissible only when these precautions are duly observed, and 
even then it is obviously advisable to determine in addition the true 
fermentation products, that is, the carbonic acid and alcohol. To find 
out what other products are formed is the purpose of investigations now 
in progress, and in order to carry out these we have been able to make 
provision for a very much larger supply of the products of hydrolysis. 
By working with kilos. in place of grams, the labour of investigation 
will be very much lightened. 

By these and our previous investigations we are able to reduce the 
practical problem of isolating the furfuroids of constituents of per- 
ment tissues (celluloses) to the following simple prescriptions. 

As the hydrolysing acid, sulphuric acid is to be preferred. As regards 
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its more concentrated forms acting in the cold, the acid H,SO, + 3H,O 
has a selective action on the furfuroids, the entire cellulose dissolviug 
in the acid, but on diluting, the furfuroids remain in solution, the 
dextrose groups being reprecipitated in the colloid form (cellulose 
hydrate). With increased concentration, the whole cellulose complex 
tends to be equally attacked. At the concentration represented by 
2H.SO, + H,0, secondary actions of condensation take place as indicated 
by the discoloration of the solution. In all actions of the concen- 
trated acid, however, the degree of hydrolysis is limited, that is, the 
specific cupric reduction of the products is relatively low. On boiling 
with dilute acid containing 2 per cent. H,SO,, the rate of hydrolysis 
is low, and the limit attained is low. 

The dilute acid (1—2 per cent. H,SO,) at the boiling temperature, 
under atmospheric pressure, attacks the furfuroids more rapidly than 
the dextrose-celluloses, but the action is not satisfactorily selective. 
The degree of molecular hydrolysisis also low. At high temperatures, 
however, corresponding to 2—3 atm. steam pressure, the furfuroids 
are selectively attacked, and dissolved with maximum resolution, that 
is, hydrolysed to monoses. 

Where, therefore, the question of alcoholic fermentation is to be 
studied, the latter treatment is to be preferred. 

In studying this question, it will be necessary to determine the 
following constants of the solution before and after fermentation. 
(1) Total dissolved solids; (2) furfuraldehyde; (3) cupric reduc- 
tion ; also to estimate the carbonic acid and alcohol produced. Further, 
having ascertained the conditions for maximum fermentation, to 
examine the solution for the other products of the fermentation. 

Further investigations upon this experimental basis are in progress. 


We wish again to express our thanks to Messrs. Voelcker for 
valuable assistance, and for the use of their laboratory for these in- 
vestigations. 


LonpDon, 
4, New Court, W.C. 


XC.—On the Properties of Nitrobenzene. 


By Ricnarp J. FRISWwELL. 


Durine the severe winter of January, 1886, a drum of nitrobenzene 
crystallised, and I succeeded in removing from it a large, tabular, trans- 
parent crystal, 2} inches long, 1 inch broad, and 3 inch thick, weigh- 
ing over 15 grams. It was irregular, had no faces, and resembled a 
mass of ice in appearance. I took advantage of this circumstance to 
make determinations of the specific gravity of solid nitrobenzene. An 
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Oertling balance was placed in the open air and allowed to remain 
until the temperature of an accurate thermometer registered 3°5°, and 
the crystal was then weighed in air and in water in the usual manner. 

Weight in air, 15-849 grams. 

Weight in water, 4:059 grams. 

Weight of water displaced, 11°790. 

Temperature of water, 1°5°. 

This gives the sp. gr. as 1:3439 which is correct to + 0°0001. 

A large portion of the crystalline mass was then freed from liquid 
and fused in a paper filter ; during the fusion a small quantity of 
moisture from the air condensed on the melting crystals, but these 
traces of water were intercepted by the filter, which was rendered 
waterproof by being saturated with the melted nitrobenzene. 

The sp. gr. of the liquid nitrobenzene was ascertained by a very 
accurate Westphal balance. At 3°8°, this was found to be 1°2210, com- 
pared with water at 15°, for which temperature the balance is stan- 
dardised. oes 

During the cooling to 3°8°, the liquid became slightly turbid, indi- 
cating that the moisture condensed on the fusing crystals had been 
dissolved to a minute extent. 

Correcting the above numbers for water at 4°, we obtain 1°3440 as 
the sp. gr. of solid nitrobenzene, and 1‘2220 as that of the liquid nitro- 
benzene. The temperature of the liquid nitrobenzene was actually 
3°8°, but this I have taken as equal to 4°. I have not attempted to 
correct the solid nitrobenzene for the increment between 1°5° and 4°, 
as I have no data for the expansion of the solid substance. 

There is thus a contraction of volume amounting to 0°099837 or 
nearly ;, as nitrobenzene passes from the liquid to the solid state, 
whilst conversely, on fusing, the substance expands from 1°000000 to 
1:099804. 


Temperature of Solidification of Nitrobenzene. 


After the specific gravity of the fused mass of crystals had been 
taken, a thermometer was immersed in the liquid, and a crystal having 
been dried on filter paper, was introduced and the whole stirred. It 
almost immediately commenced to solidify, and the thermometer rose 
sharply to 5°, at which it remained constant ; a thermometer kept in 
a large mass of the fusing crystals also registered this temperature. 

It has been already stated that the liquid obtained from the fused 
crystals exhibited a slight opalescence or turbidity, due to the presence 
of moisture condensed from the atmosphere and dissolved by the nitro- 
benzene to a minute extent. As soon as the crystal was added, and 
the temperature of the liquid began to rise, the whole became clear, 
thus indicating in a striking manner the increased power of dissolving 
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water caused by even so small a thermometrie rise as from 3°8° to 
50°. 

Schultz (in Die Chemie des Steinkohlentheers, &c., 1882, first edition, 
p. 355) states, without quoting his authority, that nitrobenzene has 
a fusion point of 3°, a sp. gr. =1'2002 at 0°, and 1°1866 at 14°4°, no 
statement as to the temperatures of the water with which comparison 
is made being given. In the second edition of this work, the sp. gr. is 
stated to be 1°:208 at 15°. 

Beilstein gives the same numbers, and quotes Mitscherlich as his 
authority for the fusing point and Kopp for the specific gravity. 
Gmelin gives Mitscherlich as authority for both numbers, giving 3° as 
the fusion point and 1°209 as the specific gravity. It would appear 
that no recent observation of these constants has been made. 

This year I have repeated the experiments (with the exception of 
that on the specific gravity of the solid) with a specimen of nitro- 
benzene prepared from benzene of the highest purity, the nitroben- 
zene itself being also very carefully purified and twice distilled. The 
temperature of fusion was obtained with great care by immersing a 
standard thermometer in a large mass of the solidified nitrobenzene. 
The thermometer is one made by Casella in 1872 ; it has a Kew certifi- 
cate and has been tested at Kew on two occasions since the date of the 
original certificate, the last being in 1891. It is a Fahrenheit thermo- 
meter and the correction at 40—50° is— 2°. 

Repeated readings of the former point were taken with this thermo- 
meter and were found to be 43° to 43°1° F. 

Several experiments were also made with nitrobenzene obtained by 
melting well drained crystals used in the last experiment, cooling 
below the solidifying point, and introducing the same thermometer to 
which some crystals were adhering. The thermometer fell sharply to 
41° F., and then the liquid instantly crystallised, the temperature rising 
as sharply to 43° F., long crystals shooting with extraordinary rapidity 
though the mass. The number above given, on applying the correction, 
becomes 41° F, = 5° C, 

The specific gravity was 1:2123 at 13° and 1:1974 at 28° compared 
with water at 15°. Compared with water at 4°, these numbers become 
1:2116 and 1°1931. 


Boiling Point of Nitrobenzene. 


Gmelin, quoting Mitscherlich, gives the boiling point of nitrobenzene 
as 213°, whilst Schultz (loc. cit., 1882), in his first edition, gives 210° ; 
and in his second (1886) 206°—207°. Beilstein quotes Stiideler as 
giving 205° at 730 mm. 

The sample was boiled on fragments of platinum foil in one of the 
pear-shaped flasks used for determining the boiling points of the arom- 


COLLIE: A SPACE FORMULA FOR BENZENE. 1013 


atic hydrocarbons. A Geissler normal thermometer was used. When 
the boiling had become steady, the readings were 203°4°, 203°4°, 203°5°, 
203°5°, 203°5°, and the liquid was distilled to dryness without further 
rise. The barometer stood at 755 mm., or 29°73 inches. Correcting 
for 760 mm., the boiling point 203°5° becomes 203°77°. 

The boiling point, when the mercurial column was totally immersed 
in the boiling vapour, was 209°8°, 209°9°, 209°8°, 209°9, 210-0°, 209°9°, 
pressure being 756 mm. Taking 209°9° and correcting for barometer 
at 760 mm., this becomes 210°2°. The distillation was not continued 
to dryness, as the previous experiment had proved the liquid to be 
homogeneous. 

The Geissler thermometer had been in my possession for many years, 
but having noted the fact that the correction for the Fahrenheit 
thermometer had changed from +0°1° to —2°0° in 20 years, the zero 
point of the Geissler thermometer was redetermined and found to be 
+1°% This corresponds with 1°8° F. It is interesting that two ther- 
mometers repeatedly used for liquids boiling near 200° C. should 
exhibit so very similar an alteration in the zero point. 

If this correction is applied, the boiling points become uncorrected 
for immersion of column 202°8°. With column immersed, 209°2°. 


Summary of Results. 


The specific gravity of solid nitrobenzene d 1:5°/4° is 1:3440, whilst 
for liquid nitrobenzene it is d 3°8°/4°, 1°2220; d 13°/4°, 1:2116; 
d 28°/4°, 1°1931. 

Expansion on fusion, 0°099804. 

Contraction on solidification, 0:099837. 

Boiling point at 760 mm., 209° corrected (that is, with column im- 
mersed in the vapour). 

Nitrobenzene is remarkable as giving a strongly coloured vapour. 
The colour, which resembles that of diluted chlorine, is visible in a 
layer of 2 inches, and is very marked in a layer of 6 or 8 inches. 
The vapour does not exhibit a banded spectrum when examined by 
transmitted light. 


XCI.—A Space Formula for Benzene. 
By J. Norman Co iwi, Ph.D., F.R.S. 


In any space formula representing the benzene molecule the following 
facts should be accounted for : 


1. The equal value of the six carbon atoms. 
2. The equal value of the six hydrogen atoms. 
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3. The existence of only one mono-substitution product, and of 
three di-substitution derivatives, de. 

4. The existence of di-, tetra-, and hexa-hydro derivatives. 

5. Why six carbon atoms are necessary for the production of the 
so-called “‘ benzene nucleus.” 

6. The peculiarity of benzenoid compounds in contradistinction to 
parafinoid compounds. 

If any six solid figures are symmetrically arranged in space equi- 
distantly from a point, their centres will lie on the surface of a sphere 
at points which may be regarded as the middle points of the six edges 
of a tetrahedron, the centres of the six faces of a cube, or the six 
corners of the six solid angles of an octahedron. If these solid figures 
be all of equal mass, this point will evidently be the centre of gravity 
of the system. Now let tetrahedra representing carbon atoms be so 
disposed. In order to satisfy the requirements of a space formula for 
benzene so that any one carbon atom is always connected with two 
others in a precisely similar manner, and so that the connections are 
from two of the four symmetrically placed points of attraction that 
every carbon atom is supposed to possess, then there seems to be only 
one configuration which will allow of this. (Plate I.*) 

Moreover, if six hydrogen atoms are arranged symmetrically on 


these spheres or tetrahedra on six of the remaining twelve points of 
attraction, there is only one symmetrical way of doing this also. 
(Plate II.) 
Movement in this figure could take place in two ways— 
1. Movement of each sphere or tetrahedron about its centre. 
2. Movement of each sphere or tetrahedron about the centre of 
gravity of the whole mass. 


In the first case, the simultaneous rotation of each sphere or tetra- 
hedron about its centre (and in the same direction) would bring the 
combined hydrogen atoms towards the centre of the mass in two 
distinct sets, those on the 1, 3, 5 carbon atoms, and those on the 2, 4, 6 
carbon atoms. That is to say, when one set are inside or near the 
centre of the mass, the other three are ouiside and further away from 
the centre of the mass. 

In the second case, namely, the vibratory movement of each sphere 
or tetrahedron about the centre of gravity of the mass, any movement 
would alter the relative positions of the spheres or tetrahedra with 
regard to one another, bringing into play alternatively the six .un- 
saturated points of attraction on these spheres or tetrahedra. These 
different phases are very interesting to follow. (See Plate III. p. 1016). 

* The connecting links between the carbon atoms are represented as from thie 


centres of the faces of tetrahedra, and not, as is usual, from the corners. (Of course, 
these points are situated at the angles of the inscribed tetrahedra. ) 
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Note.—It will be seen in Fig. 2 that the carbon atoms are so arranged that at 
present neither the hydrogen atoms nor the vacant points of attraction are pointing 
towards the centre of the figure. But if they are rotated about their centres so 
that the hydrogen atoms and the vacant points of attraction of each atom are 
always in a plane drawn through the centre of the system, then the two sets of 
hydrogen atoms will always be separated from one another by an angle of 120°. 
In other words, when the hydrogen atoms on 1, 3, 5 are all pointing directly to the 
centre, by turning the tetrahedra through an angle of one-third of the circle, or 
120° (not 180°), the other set, 2, 4, 6, will be pointing directly towards the centre. 


In the first phase, Fig. 1 (Plate IlI), there is shown an extreme 
position of the carbon atoms. If any three carbon atoms are taken, 
for instance, 1, 2, 3, the position 2 will tend to take will be between 
land 3. Similarly, if 2, 3,4 are taken, the position 3 will tend to 
take will be between 2 and 4. Hence carbon atom 2 will move to 
the right, and 3 will move in the opposite direction, namely, the left. 

The intermediate phase between Fig. 1 and Fig. 3 is seen in Fig. 2. 
In this figure, however, the view is taken sideways on a plane lying at 
right angles to that seen in Figs. 1 and 3. 


Fig. 4. 
l. 6 


As carbon atom I, Fig. 4, moves in the direction indicated by the 
dotted line (to the left), and carbon atom 2 in the direction of the other 
dotted line to the right, a small rotation of the two carbon atoms about 
their centres will bring the vacant point of attraction on each into play 
for an instant, as shown in Fig. 5. The vacant points of attraction 
are on the faces «6 ¢ on both carbon atoms, the faces abd on 1, 
and aed on 2, being occupied by the hydrogen atoms. Thus for a 
brief moment there will almost be a double bond between the carbon 
atoms 1 and 2, and also between 3 and 4, 5 and 6. 

Continuing this movement when the six carbon atoms are all in one 
plane, as shown in Fig. 2, then by the same rotation about their centres 


1016 COLLIE: A SPACE FORMULA FOR BENZENE. 


either three or six of the vacant points of“attraction would point 
towards the centre together ; and finally, in the return movement from 
Fig. 3 to Fig. 1, owing to the twist given to the carbon atom 2, there 
will be conversely almost a double bond between it and carbon atom 3, 
and also between 4 and 5, 6 and 1. 

Taking the projections of these phases, we get the following: 


H H 
_ H 
™\ / \ 
H H H rf 
/ M ~ 


First phase. Kekule’s Centric 
formula. formula. 


4 
H H H H 
H 4 

H H 


Kekule’s Last phase. 
formula. 


This space formula for benzene, therefore, is in complete accord with 
that of Kekule and the centric formula, showing that both are mutually 
convertible the one into the other. It also shows how the supposed 
double linkings in the Kekule formula shift between the carbon atoms, 
rendering two ortho-chlorobenzenes incapable of existence. But it 
differs from both, in that, in two out of five, there are two distinct sets of 
hydrogen atoms (the 1, 3, 5 set, and the 2, 4, 6 set), and. that when one 
set is inside the molecule, the other set is outside the molecule. 

Tt seems also probable that reaction with such a grouping would 
only be effected when the reacting molecule had been actually drawn 
into or towards the centre of the mass. The combined attraction of three 
hydrogen atoms arranged symmetrically round a chlorine molecule, (see 
fig., next page) and the near proximity of the hydrogen and chlorine, 
should be sufficient to dissociate such a molecule, and produce free atomic 


nt 


COLLIE. Journ. Chem. Soc. August, 1897. 


Puate ITI. 
Fic. 1. Fie. 2. Fic. 3. 


First phase. Intermediate phase seen in the plane at right angles to that seen in Last phase. 
Figs. 1 and 3, 
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chlorine. It would then be capable of adding itself on to the benzene 
nucleus, and then, in order to restore stability to the system, mono- 
chlorobenzene would be formed by the elimination of hydrogen chloride. 


H 


It would be easy to give numberless illustrations of the simple 
manner in which this formula accounts for the peculiarities of benzenoid 
derivatives ; they can, however, be summed up in the statement that 
everything that can be explained by the ordinary formula and by 
the centric formula can be explained by this space formula, because 
it embodies both ; it is both joined together plus the hypothesis that 
there are two distinct sets of three hydrogen atoms. 

Any formula for benzene must also be applicable to naphthalene and 
the other hydrocarbons which are supposed to consist of more than two 
benzene nuclei. The space formula renders it highly improbable that 
two nuclei could exist together. The two carbon atoms that join the 
two halves could only form part of one such nucleus at a time, that is 
to say, if six of the carbon atoms in the naphthalene molecule at any 
moment possessed the configuration shown in the space formula for 
benzene, then the remaining four would probably exist joined together 
in the same way as they are supposed to be in olefinoid compounds. 


H 


Naphthalene. 


It is probable, however, that an interchange of the two central 
carbon atoms takes place, and under certain conditions the second half 
of the molecule becomes benzenoid in character, whilst the other four 
carbon atoms that are left become olefinoid in their character. 

A formula for pyridine could of course also be suggested which 
, would account for its similarity to benzene in its properties, also such 
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reactions as the formation of a- and y-picoline by heating pyridine 
methiodide. 

As has already been seen from the space formula, there are two sets 
of three hydrogen atoms, which, by rotation or oscillation of the carbon 
atoms, alternately come towards the centre of the molecule. These 
hydrogen atoms are in the 1, 3, 5 and 2, 4, 6 positions ; and it seems 
possible that this may perhaps explain the fact that some mono-sub- 
stituted benzene derivatives, when subjected to further substitution, 
give a mixture of the ortho- and para-di-derivatives, whilst others under 
the same conditions yield scarcely anything but meta-compounds. Crum 
Brown and Gibson (7’rans. Chem. Soc., 1892, 61, 367) have formulated a 
rule by which we can predict which of these two sets of compounds is 
likely to be produced. And they point out that if the hydrogen com- 
pound HX of the radicle X (already united to the benzene molecule) 
is capable of direct oxidation in one step to the compound HOX, then 


a 
N 


Pyridine. 


that particular mono-derivative of benzene, when converted into a 
di-derivative, will yield a meta-compound. 

If we arrange these groups in two series according as they give ortho- 
and para-di-derivatives or meta-di-derivatives, a marked difference 
between them can at once be seen— 


First set. 


R-CH, RCl RBr ROH RNH, R-CH,:COOH &c. 
these yield chiefly ortho- and para-di-derivatives, whilst, 


Second set. 


O O O O 
rn RsCon ROC RC? 
No No Na OH 
yield scarcely anything but meta-di-derivatives. 
In the second set of groups, the various elements directly united to the 
benzene nucleus are all, in a sense, unsaturated, or, in other words, their 
hydrogen compound HX (where X stands for the group) is capable of 
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directly adding on oxygen. This fact has already been pointed out by 
Armstrong (Z’rans. Chem. Soc., 1887, 51, 259), in a slightly different 
manner ; to quote, ‘“‘ Whereas in compounds subservient to the meta-law 
the grouping elements of the radicle (X) is associated with one or more 
polyad atoms—with N in CN, with O in NO,, COH, COCH,, ‘and 
COOH.” 

There is one group, however, in the first set which is, in a sense, 
unsaturated, and that is the NH, group, but as it is difficult to produce 
a di-derivative from such a substance as aniline itself and it is always 
a salt or an anilide that is used, at present it is impossible to say 
whether it would give meta-derivatives. It is, however, a curious fact 
that dimethylaniline, which is a much more feeble base than aniline, 
does, on nitration and sulphonation, yield meta-derivatives. 

All these groups, therefore, that favour the production of meta- 
di-derivatives are groups that possess a certain amount of what has 
been called ‘‘residual affinity,’ and, again to quote Armstrong, “Herein, 
I would suggest, lies the explanation of the meta-law, my opinion being 
that the additive compound which generates the meta-derivative is 
formed by the combination of the reacting molecule with the radicle of 
the mono-derivative, and not with the carbon atom which carries that 
radicle.” If this be so, it is then easy to answer the question why a 
meta-di-derivative is produced. 

Taking the projection of the space formula for benzene, an ordinary 
graphic representation can easily be substituted that will show how 
three hydrogen atoms are inside the molecule whilst three are out- 
side. 


H 


From which it is seen that when the hydrogen atoms attached to 
the carbon atoms 1, 3, 5 are all in the centre together, then the hydro- 
gen atoms attached to the carbon atoms 2, 4, 6 are all on the outside, 
also when, by oscillation, the hydrogen atoms on the 1, 3, 5 carbon 
atoms are on the outside, those attached to the 2, 4, 6 carbon atoms 
will move towards the middle of the molecule. 

If nitrobenzene, therefore, is capable of forming first a very un- 
stable additive product, C,H,-NO,—Cl,, the NO,Cl, group would, 
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when near the centre of the molecule, meet the two hydrogen atoms 
attached to the 3, 5 carbon atoms, and so a meta-derivative would be 
formed. But, on the other hand, in the case of chlorobenzene, if 
nitric acid be allowed to react with it, no such additive compound 


NO Clo 


H B H H 
6 2 
gives gives +H] 
V4 
H H 
’ H - 


Meta. 


would be produced, and the attraction * of the three hydrogen atoms 
attached to the 2, 4, 6 carbons might be just sufficient to determine its 


reaction with them. 
This can be expressed as follows: 


Para. 


In the formation of meta-di-derivatives, this supposed residual 
affinity cannot be very great, for at present it is doubtful whether any 
compounds such as C,H,*NO,—Cl, have been produced ; still the resi- 
dual affinity of the group —NO, might reasonably be supposed to 
be sufficient to overcome the tendency to form ortho- and para-deriva- 
tives, and direct the chlorine in towards those hydrogen atoms which 
come towards the centre of the molecule at the same moment that it 
does itself. 

There is, however, an alternative explanation. Perhaps in the 
chlorination of nitrobenzene the “ residual affinity ” of the NO,-group 
might direct the addition of the entering chlorine to the partially free 


* This idea of the ‘‘ attraction” of combined hydrogen for electro-negative ele- 
ments or groups of elements has been of the greatest value in the hands of 
J. Wislicenus, helping him to extend the hypothesis of Van’t Hoff and Le Bel on 


the arrangement of the atoms in space. 
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fourth point of attraction on the carbon atoms 1, 3, 5 (the NO,- 
group being united to carbon atom 1). The additive compound would 


then be : * 


NOo 


on rotation 

to position 

of maximum 
stability 


Of course, the reverse would be the case with the nitration of chloro- 
benzene. ‘The directing influence being the three hydrogen atoms on 
the 2, 4, 6 carbon atoms. The additive compounds first produced 


would be: 


| 


H H 


The first, on elimination of water, would yield the ortho-compound, 
the second the para-compound. There is, however, a possible objection 
to this explanation. The entering group would be attached to the 
carbon atom on the side opposite to that occupied by the original 
hydrogen atom, and in order that the whole molecule should be 
symmetrical would have to shift over. This change of place, however, 
is not at all impossible, and might easily take place, as it only involves 
the movement of a group to another wnoccupied point of attraction on 
the same carbon atom. 

g ¢ 
NO,—C— becoming —C—NO,. 
C C 


As, in the preparation of tri- and further substituted derivatives of 


* The production of such a chloro-additive product is rendered highly probable 
by the results of Ador and Rilliet, who obtained metabromobenzoic acid and meta- 
phthalic acid by oxidising the compounds formed by the action of zinc ethyl on 
the product of the action of bromine on benzene at the ordinary temperature 
(Ber., 1875, 8, 1286). 

VOL, LXIL. 3 ¥ 
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benzene, the entering groups seem on the whole to follow the same 
laws as in di-substituted derivatives, it is unnecessary to give more 
examples. There are, however, some curious facts which need eluci- 
dation. For instance, why should a meta- di-substituted derivative, 
such as metanitrophenol, on further nitration, yield only compounds 
where the entering nitro-group is entirely directed by the OH, and 
not by the NO,, group. This so-called directing influence of the OH 
group (and it occurs also with the NH, group) is certainly a curious 
fact. A possible explanation may, however, be given : 


5.0.8 


from which it will be seen that it is the combined influence of the 
three hydrogen atoms that tends to attract the entering molecule, and 
not the OH-group that determines how the aa secretin compound 
is going to be formed. 

Many interesting cases of isomeric change can also be partially 
explained by this space formula. 

The production of hydrochloride of toluidine from methylaniline 
hydrochloride (at 350°). The production of sodium salicylate from 
sodium phenoxide and carbon dioxide, Also the isomeric changes that. 
a-naphthalenesulphonic acids undergo when heated. In all these case 
of isomeric change, heat is required, and dissociation probably pre- 
cedes recombination. A few other reactions, which do not receive any 
explanation from other benzene formule, might be mentioned. For 
instance, when sodium phenoxide is oxidised by means of fused caustic 
soda, resorcinol and phloroglucinol are formed; but if aniline is 
oxidised by chromic acid quinone alone is formed. If the ONa group 
and the NH, exert any determining influence on the entering oxygen, 
we should expect the sodoxyl group to have a greater attraction for the 
entering oxygen than the amido-group, and hence meta-di-derivatives 
would be formed. 

In conclusion, I have to thank Mr. H. Jackson, of King’s College, 
for much valuable advice during the working out of this idea. 
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XCII.—The Isomeric Dibromethylenes. 
By Tuomas Gray, B.Sc. 


THE experiments described in this paper were undertaken with the 
, , “C-B 
object of preparing the two dibromethylenes of the formule, ma 


H-C-Br 


Br 11 , in view of the fact that such an example of the isomerism 


and 


C-H 

of two unsaturated carbon compounds, composed solely of univalent 
atoms linked to carbon, would be of theoretical interest. In addition 
to the isomerides above mentioned, a third dibromethylene, of the 
formula CH,:CBr,, is theoretically possible, but only two substances 
having the empirical formula C,H,Br, have so far been prepared. One 
of these boils at 110°, and is represented by the formula CHBr:CHBr, 
whilst to the other, which boils at 91°, the unsymmetrical structure 
CH,:CBr, is usually ascribed ; although the behaviour of the substance 
towards oxygen, with which it unites to form bromacetyl bromide, 
CH,Br-COBr, is more easily explained on the assumption that the 
formula CH,Br*CBr, advanced by Fittig, represents its structure. 
(See also Michael, Amer. Chem. J., 1883, 5, 192). An examination of 
the literature in connection with the dibromethylenes seems to point 
to the existence of the third isomeride, a liquid possessing a higher 
boiling point than the two previously mentioned. Thus Tawildaroff 
(Annalen, 1875, 1'76, 22), by the action of vinylic tribromide on 
sodium ethoxide solution, obtained a liquid which he separated by 
repeated fractionation into dibromethylene boiling at 91°, and a liquid 
of the same composition boiling at 157°. Again, Sabanéeff (Annalen, 
1875, 1'78, 115), in the preparation of dibromethylene by the union of 
acetylene with bromine, obtained an oil which, on distillation, left 
a residue boiling above 115°; this, after purification by steam distilla- 
tion, was analysed and found to have the composition represented by 
the formula C,H,Br,. This method was relinquished in favour of the 
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preparation from acetylene tetrabromide by reduction with zinc, 
which Sabanéeff subsequently adopted, as he found it difficult to purify 
the product of the former reaction and to obtain a satisfactory yield; 
but a repetition of this as well, as of Tawildaroff’s experiment, seemed 
of interest. 


Action of Sodium Ethowide on Vinylice Tribromide, 


The possibility of the formation of two dibromethylenes in this 
reaction is evident from a glance at the formula of vinylic tribromide. 
If we consider the arrangement in which each hydrogen atom is verti- 
cally above or below a bromine atom to be the more probable, we 
can conceive hydrogen bromide to be removed in two ways, with forma- 
tion respectively of the trans-modification of symmetrical, and of un- 
symmetrical dibromethylene, as shown in the following equation : 


H H 


Bry Br Br Br 


If we accept the formula given in the second equation, the only 
difference is that we should get the cis- instead of the trans-modifica- 
tion, if the former is sufficiently stable to be capable of existing under 
the conditions of the reaction. A glance at the following equation will 
render this evident : 


These speculations are in accord with the results obtained by 
Tawildaroff, but Michael (Amer. Chem. J., 1883, 5, 192), on repeating 
this experiment, obtained only unsymmetrical dibromethylene, and 
attributed Tawildaroff’s observation to impurity in the vinylic tribro- 
mide which the latter prepared by the action of bromine on ethylenic 
dibromide. It seemed to me, however, possible that an alteration of 
the concentration of the sodium ethoxide might give rise to symmetrical 
dibromethylene, as a similar observation has been made with regard to 
the addition of HBr to vinylic bromide; this substance is converted 
into ethylenic dibromide by the action of a solution of HBr saturated 
at 6°, but ethylidenic bromide is formed if the solution of the acid be 
previously diluted with half its volume of water (Reboul, Annalen, 
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1870, 155, 29 and 212). To settle this point, the following experi- 
ments were carried out : 

Experiment I.—A. solution of vinylic tribromide (78-5 grams) in its own 
volume of absolute alcohol was cooled in a freezing mixture, and a solu- 
tion of sodium ethoxide, containing the theoretical quantity of sodium 
dissolved in 10 times its weight of absolute alcohol, was added through 
atap funnel. The solution was then heated on a water bath to expel 
bromacetylene, as recommended by Tawildaroff, but in this case no evo- 
lution of gas was noticed, although the odour of the substance was dis- 
tinctly perceptible. The product was then poured into water, and the oil 
which separated was subjected to distillation. The result was simi- 
lar to that obtained by Michael ; practically the whole passed over 
below 110°, leaving a small, dark-coloured residue. From this residue, 
by steam distillation, a few drops of a colourless oil were obtained ; on 
distilling this, the temperature rose rapidly to 180—190°, when a small 
quantity of unchanged vinylic tribromide passed over. The fraction 
below 110°, on re-distillation, gave two fractions, 88—92° and 92—110°; 
the first of these was fairly pure a-dibromethylene, and the second also 
evidently consisted largely of the same substance, as a solid quickly 
separated from it on exposure to the air. When the higher fraction was 
subjected to refractionation, the boiling point rose steadily until, after 
two or three distillations, a fraction was collected, boiling between 
150° and 160°. This fumed strongly on exposure to air, and dissolved 
easily and completely in dilute soda solution. In view of Demole’s 
observation of the behaviour of a-dibromethylene on heating in air, 
the identification of this liquid as bromacetyl bromide, b. p. 149°, 
was easy. This observation was made subsequently to Tawildaroff’s 
work ; and as the latter doubtless conducted the fractionation in air, 
it seems probable that the substance he obtained was bromacetyl bro- 
mide, possibly contaminated by vinylic tribromide, or impurities 
accompanying the latter, from which it would be difficult to separate 
the bromacetyl bromide by distillation. In order to prevent this oxida- 
tion in the later experiments, all the operations, subsequent to the 
addition of the sodium ethoxide, were conducted as far as possible in 
an atmosphere of carbonic anhydride; thus the oil was dried over 
calcium chloride in an atmosphere of this gas, and afterwards filtered 
into a distillation apparatus filled with carbonic anhydride, a stream of 
the gas being directed into the funnel during the filtration. In this 
way, loss of substance due to polymerisation was also avoided. 

Experiment II.—The calculated quantity of sodium ethoxide solution 
was added to vinylic tribromide (78 grams) cooled in a freezing mixture, 
and the product treated as described above. The result of the fractiona- 
tion may be briefly stated as follows : 


Fract. I, 89—90°. II, 90—94°. Residue. 
Weight in grams 15 1 (approx.) 
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The rapid separation of solid from fraction II on exposure to air 
showed it to be substantially identical with I. The dark-coloured 
residue probably contained unchanged vinylic tribromide. In this 
experiment the yield of liquid boiling at 89—90° was 75 per cent. of the 
theoretical. 

In the two previous experiments, the sodium ethoxide solution was 
added to the vinylic tribromide in order to avoid loss of substance 
through formation of bromacetylene ; but as Tawildaroff allowed the 
tribromide to run into the sodium ethoxide solution, this method was 
next tried, in order to determine whether it had any influence on the 
course of the reaction. 

Experiment III.—A. slight excess of sodium ethoxide solution was 
here taken to replace that which was used up in the further reduction of 
the dibromethylene to bromacetylene. This was cooled in a freezing 
mixture, and the vinylic tribromide (100 grams) was quickly added 
through a tap funnel, after the air in the apparatus had been displaced 
by nitrogen. The conditions were otherwise the same as in experi- 
ment II. The formation of bromacetylene was here noticed, both on 
account of its peculiar odour and the production of white fumes on 
contact with the air. 

Result of fractionation : 


Fract. I, 88—89°, II, 89—91°. III, 91—95°. Residue. 
Weight in grams 40-4 4°3 0°8 


~ From I, solid rapidly separated on exposure to air. Fraction III, 
which passed over mostly at 91°, was redistilled; of the 3:8 grams 
which were transferred, 2'1 grams distilled over at 91—92°, whilst 
the small quantity which came over above this temperature deposited 
a solid on exposure to air; a-dibromethylene was, therefore, the sole 
product of the reaction, the only effect of reversing the order of 
addition being to diminish the yield, as was to be expected. 

Experiment IV.—In this case, a more dilute solution of sodium 
ethoxide was used; 78 grams of vinylic tribromide dissolved in four 
times its weight of alcohol was cooled in a freezing mixture, and the 
calculated quantity of sodium ethoxide solution (1 sodium in 10 of 
alcohol) added. The yield was smaller than in the previous experi- 
ments, but the result was similar. 


Fract. I, 89—90°. II, 90—95°. Residue. 
Weight in grams...... 24°3 3°4 0°8 


Fraction II, on redistillation, gave 2°4 grams, boiling at 89—91°. 

These experiments seem to prove that unsymmetrical dibromethyl- 
ene is the only product of the primary action of sodium ethoxide on 
vinylic tribromide. 
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Preparation of Symmetrical Dibromethylene by the Union of Acetylene 
with Bromine. 


The conditions for the direct formation of this substance from 
acetylene and bromine were first established by Sabanéeff (Joc. cit.), 
who proved that it was necessary to use a sufficiently dilute solution 
of bromine, and to have the acetylene present in excess; the calcu- 
lated quantity of bromine was added to alcohol saturated with 
acetylene, the saturation with acetylene and addition of bromine were 
several times repeated, and the product was finally poured into water. 
The oil which separated was fractionated, the fractions, 50—80° and 
106—115°, were assumed to be products of the action of bromine on 
alcohol, and accordingly set aside, the residue, after purification, 
having the formula C,H,Br,. 

If it be assumed that the product of this reaction was the dibrom- 
ethylene boiling at 110°, then the fraction containing the bulk of 
the dibromethylene must have been rejected. It seemed to me 
probable, however, that the substance Sabanéeff obtained was isomeric 
with the one subsequently prepared, as the latter, as will be shown 
later, probably has the trans-configuration, whilst the product of the 
direct union of acetylene and bromine, if stable, should be the 
cis-modification, as indicated in the following equation. 


In order to avoid bye-products, which might render purification 
difficult, the reaction was carried out in aqueous solution. Acetylene, 
prepared by the action of water on calcium carbide, was passed into a 
series of flasks, each containing about a litre of water; when the 
water in the first two flasks was saturated, these were removed, and 
after having been refilled were attached to the end of the apparatus ; 
in this way, loss of acetylene was avoided. To the aqueous solution 
of the gas, considerably less than the calculated quantity of a saturated 
solution of bromine was added, and the mixture was then allowed to 
remain in a dark cupboard for a few days until it became colourless. 
As no separation of oil took place, and extraction with ether could 
not be economically carried out with such large quantities of liquid, 
the solution was heated to boiling, and the oil which passed over 
was collected. The yield was exceedingly small, but as the object was 
merely to establish the identity of the product, the process was 
carried on for about a month, when a sufficient quantity was obtained 
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for further examination. The united distillates were extracted with 
ether, and the ethereal solution, after drying, was subjected to distilla- 
tion. About 10 grams of an oil boiling at 108—110° were obtained, 
the united residues of the fractionation weighing about 4 grams, 
When these residues were again distilled, about half passed over 
between 110 and 115°, and the temperature then rose rapidly to over 
200°; this was doubtless due to the presence of a small quantity of 
acetylene tetrabromide. 

The product of the union of acetylene with bromine is thus evidently 
identical with the dibromethylene obtained by the reduction of acetyl- 
ene tetrabromide, but we are not entitled to conclude from this result 
that dibromethylene has the cis-configuration, as we might expect a 
substance of this formula to be unstable, and to tend readily to pass 
into the trans-modification. If we glance at the equation representing 
the formation of dibromethylene from acetylene tetrabromide, we see 
that either isomeride may be formed depending on the arrangement of 
the atoms which we assume to represent the structure of the tetra- 
bromide, thus : 


B H Br 


r 
H Br Br H Br 


Br y Br Br. H 
H pr Br 

Sabanéeii has shown (Annalen, 1883, 216, 252) that the only product 
of the reduction of acetylene tetrabromide by means of zinc, under 
the conditions there stated, is the dibromethylene boiling at 110°; 
when commercial bromine was used, some C,H,Cl, and C,H,CIBr 
were formed, owing to impurity present in the bromine. On repeating 
Sabanéeff’s experiment, the product, after fractionation, gave 203 
grams of liquid, boiling at 109—111°, whilst the united residues above 
120° only weighed about 19 grams. These residues, on distillation 
under reduced pressure, were proved to consist to the extent of approxi- 
mately one-third of their weight of acetylene tetrabromide. It is 
therefore evident that only one dibromethylene is formed in this re- 
action, and as the arrangement of atoms represented in the second 
equation appears to be the more probable, we conclude that the product 
has the évans-configuration. In order to test this view, an attempt was 
made to prepare dibromethylene by the addition of hydrogen bromide to 
bromacetylene, from which the trans-modification should result, as is 
shown by the following equation. 


a et ee ii 2 ae ae 
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The bromacetylene, prepared from dibromethylene by the action of 
an alcoholic solution of caustic soda, using the proportions recommended 
by Sabanéeff ( Ber., 1885, 18, 374), was condensed in a freezing mixture, 
50 grams of C,H,Br, yielding 13 grams of C,HBr. A saturated solu- 
tion of hydrogen bromide, slightly in excess of that required by theory, 
was added to the liquid while a current of nitrogen was being passed 
through the apparatus. The U-tube containing the two substances 
was then allowed to stand for two days, after which the unchanged 
C,HBr was expelled by heating on a water bath in a current of car- 
bonic anhydride, and the brown, somewhat viscous oil, after treatment 
with soda solution, washing, and drying, was subjected to distillation in 
an atmosphere of carbonic anhydride. The temperature rose steadily 
to about 110°, and then showed signs of remaining stationary, but the 
amount of oil which passed over was much too small to admit of puri- 
fication. The residue, which represented the bulk of the original 
liquid, decomposed on further heating ; hydrogen bromide was given 
off, and a charred mass remained. Another experiment was accordingly 
made, using 100 grams of C,H,Br,, and the product was distilled 
under diminished pressure. The lower fractions, on re-distillation at 
atmospheric pressure, yielded a small quantity of a colourless oil boil- 
ing at 110—113°; this had the odour of symmetrical dibromethylene, 
and seemed sufficiently pure for analysis, although the boiling point 
was slightly high. 


Found: Br=86°3. Calculated for C,H,Br,: Br = 86°02 per cent. 


The spontaneous inflammability of bromacetylene on exposure to air 
rendered operating on a large scale difficult, but the properties of the 
small quantity of liquid obtained in this experiment, and the data 
ascertained, left no doubt as to the identity of the substance. 

The higher fractions were distilled under diminished pressure, and a 
small quantity of a yellow liquid, which passed over between 120° and 
130° (pressure approx. 30 mm.), was collected. This did not solidify 
when placed in a freezing mixture, but when stirred up with a quantity 
of alcohol insufficient for complete solution, part of the oil was slowly 
dissolved, and the residue became viscous and finally solid. The 
solid, on recrystallisation from alcohol, was obtained in long, needle 
shaped crystals, which melted at 120—121°. The melting point of 
the substance, its crystalline form, and sparing solubility in alcohol, 
pointed to its identity with symmetrical tribromobenzene (m. p. 120°), 
but the quantity obtained was not sufficient to enable me to establish 
this by analysis. The formation of this substance by the polymerisa- 
tion of bromacetylene is well known, and its presence as a product of 
this reaction is thus explained. 

The results of this communication may be summayised as follows : 

3Z 
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Only one substance of the formula C,H,Br,, namely, unsymmetrical 
dibromethylene, is obtained by the action of sodium ethoxide on vinylic 
tribromide. 

The same modification of symmetrical or B-dibromethylene is obtained 
by each of the three following methods: 1. Union of C,H, with Br,. 
2. Union of C,HBr with HBr. 3. Reduction of C,H,Br,. 

The formation of this substance by method 2, and the probable 
instability of the cis-modification, point to the formula ae a 
for the B-dibromethylene at present known 


XCIII.—Camphoroarme. Part II. The Ethers of 
Camphoroaime. 


By Martin Onstow Forster, Ph.D. 


Owina to the readiness with which a-bromocamphor parts with the 
halogen in presence of alkalis or basic compounds, it has not been 
hitherto found possible to obtain an a-bromo-derivative of camphor- 
oxime. The isomeric z-bromocamphoroxime, prepared from hydroxyl- 
amine and z-bromocamphor (Revis and Kipping, Proc., 1896, 77), is 
the only substance of this class which has been as yet described. It is 
scarcely necessary to point out that very considerable interest would 
attach to the study of an oxime in which one or more hydrogen atoms 
of the camphor rings are replaced by bromine, as it might be then 
possible to obtain a bromocampholenic acid, and establish a relation- 
ship between this compound and the isomeric bromocamphorenic acid. 
Preliminary experiments having shown that camphoroxime cannot be 
submitted with success to the direct action of bromine, the products 
being campholenonitrile and camphoroxime hydrobromide, I endea- 
voured to introduce the halogen after protecting the oximido-group by 
an alkylic radicle. These experiments are not yet concluded, but 
certain points of interest in connection with the ethers themselves 
have led me to communicate a description of their properties. 

In spite of the attention which has been recently devoted to the 
oxime, its ethers are comparatively little known. The density,and index 
of refraction of the methyl and ethyl ethers have been determined by 
Brihl, in accumulating refractive data of nitrogenous compounds (Zeit. 
physikal. Chem., 1895, 16, 218), and the ethyl ether was prepared and 
analysed by Niigeli soon after camphoroxime was first described (Ber., 
1883, 16, 2982), but this completes our present knowledge of these 
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compounds. I have therefore submitted them to further examination, 
and have also studied the properties of the benzyl ether, and of the 
acetyl and benzoyl derivatives. 

As might be expected from the mc od of their preparation, the 
substances in question are the oxygen ethers, it having been recently 
pointed out that, in general, direct action of alkylic haloids on oximes 
gives rise to nitrogen ethers, whilst oxygen ethers are formed 
when the sodium derivative of the corresponding alcohol is present 
(Dunstan and Goulding, this vol., 573). When heated in sealed tubes 
with hydrochloric and hydriodic acids, the methyl and ethyl ethers 
yield alkylic haloid and the ammonium salt of the corresponding 
halogen acid, whilst the benzyl ether, on hydrolysis with alcoholic 
hydrochloric acid, gives rise to benzylic chloride, campholenonitrile, 
and a-benzylhydroxylamine. 

The basic character of camphoroxime makes itself evident to some 
extent in the ethers, more particularly in the methyl derivative. This 
substance combines with nitric acid, forming a well-defined nitrate, 
which crystallises from benzene and from ether, and it also yields a 
solid product with hydrogen iodide, which is unstable, and has not been 
crystallised ; the ethyl ether, on the other hand, although soluble in 
nitric acid, does not form a crystalline derivative, and the hydriodide 
is very deliquescent, whilst the benzyl ether gives rise to a solid 
hydriodide which does not change very rapidly in the desiccator. In 
one respect, however, the ethers fail to reproduce the basic nature 
of the oxime—they do not form platinochlorides. This property has 
not been yet observed as appertaining to oximes, although an unsuccess- 
ful attempt has been made to prepare a platinochloride from acetoxime 
and from methylethylacetoxime (Janny, Ber., 1886, 16, 173). Camphor- 
oxime, however, when dissolved in alcoholic hydrochloric acid and 
treated with platinum tetrachloride, yields a well-defined, orange-red salt, 
from which the oxime is regenerated on treatment with water. Further- 
more, the ethers differ from the oxime in having no action on an am- 
moniacal solution of silver nitrate, camphoroxime yielding a mirror 
when an alcoholic solution is heated with this agent. A silver mirror 
is also formed after several days when the oxime, dissolved in alcoholic 
ammonia, is treated with silver nitrate. 

In some respects, the benzyl ether is the most interesting compound 
of this series. It is a colourless oil with scarcely any odour, and is 
very slightly volatile in an atmosphere of steam. When it is distilled, 
a part breaks up in a very remarkable manner. From the readiness 
with which camphoroxime loses the elements of water and yields cam- 
pholenonitrile, as also from the fact that the acetyl derivative is 
resolved on distillation into that substance and acetic acid, it was not 
unreasonable to anticipate that the benzyl ether, supposing it to be 
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incapable of undergoing distillation without decomposing, would yield 
benzylic alcohol and campholenonitrile, as expressed by the equation 


C,,H,,:NO-C,H, = C,,H,,N + C,H, OH. 


This, however, is not the case. Rupture, it is true, occurs between 
nitrogen and oxygen, but the products of the change are camphorimine 
and benzaldehyde, so that hydrogen appears to migrate from the 
methylenic group of the benzylic radicle, and attach itself to the 
nitrogen atom, instead of proceeding from one of the camphor rings 
and uniting with oxygen, as in the case of the acetyl derivative ; the 
change, therefore, takes place in accordance with the following equation 


C, ,H,,:NO-CH,: 0,H, = C,,H,,:NH + C,H, CH:0. 


I am not aware that a change of this nature has been previously 
observed, the records of the benzyl ethers of ketoximes and aldoximes 
which appear in the literature being somewhat meagre, excepting 
those which relate to the benzaldoxime ethers ; experiments will be 
therefore made to ascertain whether this decomposition occurs on dis- 
tilling the benzyl ethers of other oximes, more particularly of those 
derived from cyclic ketones. 

When this behaviour on the part of the benzyl ether was first 
observed, it seemed not unlikely that it might afford an explanation 
of the action of methylic iodide on camphoroxime. It has been shown 
that when the oxime is heated with methylic iodide in sealed tubes at 
about 100°, the main product is methyleamphorimine hydriodide 
(Forster, this vol., 191); excess of the iodide having been always 
employed, the change might have arisen from initial production of the 
methyl ether, followed by resolution of the latter into formaldehyde 
and camphorimine, the base then undergoing methylation, Although 
the behaviour of the benzyl ether renders this explanation plausible, | 
have not been able to substantiate it, the methyl ether having resisted 
all attempts to resolve it into camphorimine and formaldehyde. 

It was not to be expected that the benzyl ether would undergo any 
alteration of a character analogous to the Beckmann transformation, 
this rearrangement being peculiar to nitrogen ethers ; it is, in fact, 
indifferent towards benzoic chloride and phosphorus pentachloride, but 
concentrated sulphuric acid has a curious effect on the substance. 
Whilst this agent dissolves the methyl and ethyl ethers without decom- 
posing them, a mixture of the benzyl ether with concentrated acid 
rapidly darkens and becomes hot, sulphurous anhydride being subse- 
quently liberated ; if, however, the liquid is cooled with ice, the resinous 
hydrocarbon, ©,,H,,, obtained by Cannizzaro on dissolving benzylic 
alcohol in concentrated sulphuric acid (Annalen, 1854, 92, 114), is rapidly 
precipitated, and the filtered liquid, if poured on ice and neutralised 
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with ammonia, yields the quantity of camphoroxime required by the 
equation 
2C,)H,,-NO°C,H, = 20,,H,,-NOH + C,,H,.. 

Concentrated sulphuric acid, therefore, appears to have acted as a hydro- 
lytic agent, first eliminating benzylic alcohol and then converting it 
into the resin, unless the change is caused by transference of hydrogen 
from the benzylic group to the oxygen atom, followed by scission of the 
linkage between carbon and oxygen. 

Whilst the acetyl derivative of camphoroxime isan oil which breaks 
up into acetic acid and campholenonitrile on distillation, the benzoyl 
derivative forms beautiful crystals, and melts without undergoing 
decomposition. Its behaviour towards phenylhydrazine is not without 
interest. Although the action of this base on the benzoyl derivatives 
of ketoximes has not been studied, Minunni and Corselli have shown 
that the benzoyl derivatives of aldoximes, when heated with phenyl- 
hydrazine, yield the phenylhydrazone of the corresponding aldehyde, 
along with symmetrical benzoylphenylhydrazine (Gazzetta, 1892, 22, 
ii, 164). Benzoyleamphoroxime acts on phenylhydrazine in the cold, 
yielding benzoylphenylhydrazine and camphoroxime, in accordance with 
the equation 

C,)H,g-NO-CO-C,H, + C,H,-NH*NH,=C,,H,,-NOH + 
C,H,;-NH*NH:CO-C,H,. 

The acetyl derivative exhibits similar behaviour towards the base, 
camphoroxime being regenerated, and acetylphenylhydrazine produced. 

In view of the classification of those inactive substances which possess 
an asymmetric carbon atom, recently put forward by Kipping and 
Pope (this vol., 989), it seemed desirable to prepare the oxime of inactive 
camphor ; this has been accordingly done, and it is found that the 
substance is truly racemic. Its crystalline character has been studied 
by Mr. W. J. Pope, to whom I am indebted also for the crystallo- 
graphic examination of benzoyleamphoroxime and camphoroxime hydro- 
bromide. 


EXPERIMENTAL. 


Methyl Ether of Camphoroxime, C,H, ,-NO°CHs. 


Fifty grams of camphoroxime are heated in a reflux apparatus during 
4 hours with 500 c¢.c. of methylic alcohol in which 7°5 grams of 
sodium have been dissolved, 50—60 grams of methylie iodide being 
added in small quantities during the operation; the greater part of 
the alcohol is then removed by distillation, and the dark yellow residue 
distilled in a current of steam. It frequently happens that the product 
is pale yellow, and darkens on exposure to air ; when this is the case, 
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it is only necessary to add to the residue, previously to treatment with 
steam, a small quantity of caustic soda, in order to secure a colourless 
distillate. The oil is then extracted with ether, the extract agitated 
with dilute hydrochloric acid in order to remove any oxime which 
may have been regenerated by the soda, and finally washed thoroughly 
with water; the ethereal liquid, when dried with calcium chloride, 
deposits the ether as a limpid oil. It is a colourless substance, with a 
faint, camphor-like odour, which becomes very pungent when the 
vapour is carried over with steam ; it does not reduce an ammoniacal 
solution of silver nitrate, and is indifferent towards Fehling’s solution, 
both before and after treatment with boiling, concentrated hydrochloric 
acid. 

The ether boils at 181-5—182°5° under a pressure of 357 mm., and 
at 210° under atmospheric pressure ; under the higher pressure, how- 
ever, it appears to undergo a slight change, and the specimen sub- 
sequently examined in the polarimeter was therefore distilled under 
reduced pressure. The sp. gr. = 0°9631 at 20°/20°, and if compared 
with water at 4°, the sp. gr. = 0°9605, a value practically identical 
with that obtained by Briihl (Joc. cit.), who describes the substance 
as having the sp. gr. = 0°9603 at 20°/4°. The ether is levorotatory, 
and in a 2 decimetre tube gives ap = — 25° 8’ 30”, this being the mean 
of ten concordant readings, whence the specific rotatory power, [a ])= 
— 13°05° at 20°. 

Camphoroxime methyl ether retains in a modified form the basic 
character of the oxime itself. It dissolves readily in concentrated acids, 
and is precipitated on diluting the solutions ; campholenonitrile is not 
produced when the ether dissolves in concentrated sulphuric acid, 
although heat is generated, and the substance is equally indifferent 
towards concentrated hydrochloric acid. It is readily hydrolysed by 
alkalis, which regenerate the oxime. 

The nitrate of camphoroxime methyl ether is produced on adding 
concentrated nitric acid drop by drop to the ether, and separates in 
white needles when the liquid is stirred, or sown with a crystal of 
the substance; it is advisable to perform the operation on a watch 
glass, as the liquid solidifies to a paste of crystals when sufficient acid 
has been added, but the salt is redissolved when this quantity is 
exceeded. The nitrate crystallises from benzene in long, hard, trans- 
parent prisms, and melts to a clear liquid at 81—82°; it does not 
decompose at the melting point, resolidifying as the temperature falls, 
but gas is evolved at 130°, and the product remains liquid on cooling. 
A determination of nitrogen gave the following result : 


0°1947 gave 19°3 c.c. of moist nitrogen at 15° and 764 mm, N = 11°67. 
C,,H,,NO,HNO, requires N = 11°47 per cent. 
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The salt is readily soluble in organic solvents, and crystallises from 
ether in long, white needles; it does not dissolve in water, being at 
once decomposed into nitric acid and the methyl ether of camphor- 
oxime. It is levorotatory, and a solution containing 1°3535 gram dis- 
solved in 25 c.c. of benzene at 22° gave ay= —1° 50’ 7”, whence the 
specific rotatory power [a],= — 16°9°; a solution containing 0°5530 
gram dissolved in 25 c.c. of absolute alcohol at 22° gave ap = — 1° 2’10", 
which corresponds with the specific rotatory power [a ])= — 23°4°, 

The hydriodide of the ether separates as a pale yellow precipitate 
when concentrated hydriodic acid is added to the ether until it becomes 
pasty ; the product is dried on porous earthenware, and washed with 
warm benzene, when it is obtained as a pale yellow powder which melts 
with vigorous effervescence at 157°, yielding a dark-red liquid. The 
salt gradually decomposes spontaneously in the desiccator, and when 
treated with water is immediately resolved into hydriodic acid and the 
ether. 

It has been pointed out in the introductory portion of this paper 
that the conversion of camphoroxime into methyleamphorimine hydr- 
iodide under the influence of methylic iodide, taken in conjunction with 
the fact that the benzyl ether breaks up into camphorimine and 
benzaldehyde on distillation, rendered it of interest to test the pos- 
sibility of tracing the former change to initial production of the 
methyl ether, followed by resolution of the latter into camphorimine 
and formaldehyde, and subsequent methylation of the base. Attempts 
were accordingly made to decompose the methyl ether in the manner 
indicated, hitherto, however, with only negative result. If, for 
instance, the ether is heated alone in a sealed tube for 3 hours at 200°, 
it does not acquire reducing properties towards an ammoniacal solution 
of silver nitrate, undergoes no conversion into campholenonitrile, and 
yields no precipitate of methyleamphorimine hydriodide when mixed 
with methylic iodide ; it is therefore clear that high temperatures alone 
will not induce the resolution of the ether into camphorimine and 
the corresponding aldehyde as in the case of the benzyl derivative. 
Nor does the introduction of a crystal of iodine have any influence on 
the result, and although a very small quantity of methyleamphorimine 
hydriodide is produced on heating the ether with methylic iodide for 
2 hours at 110°, no indication of the elimination of formaldehyde could 
be obtained. Equally unsuccessful was an experiment in which cam- 
phoroxime was heated with the methyl ether during 3 hours at 
110—120°, the oxime merely crystallising from the liquid, which gave 
no precipitate with methylic iodide. 

Action of Hydriodic Acid.—Five grams of the ether were heated in a 
sealed tube with 12°5 grams of hydriodic acid (sp. gr.=1°96) for 3 
hours at 100°, and subsequently for 2 hours at 130°; on opening 
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the tube, a dark-brown oil was found to float on the colourless, aqueous 
liquid, in which were suspended crystals of ammonium iodide. The 
aqueous portion did not reduce Fehling’s solution when rendered 
alkaline with soda, and no inflammable gas was liberated on heating it 
with the alkali, ammonia being the sole product. The oil was de- 
colorised with sulphurous acid, washed with ammonium carbonate, 
and extracted with ether, which, when dried with calcium chloride and 
evaporated, deposited a pale yellow oil from which camphor separated 
in the desiccator; the oil had not the odour of campholenonitrile, 
although this substance is produced at higher temperatures. Camphor 
is also among the products when the methyl ether is heated with 
concentrated hydriodic acid in a reflux apparatus ; the solid hydriodide 
of the ether separates at first, but is rapidly converted into a dark oil, 
and on heating the contents of the flask for some time, diluting the 
liquid, and again heating, camphor is deposited in the tube of the 
condenser. 

Action of Hydrochloric Acid.—The methyl ether dissolves in con- 
centrated hydrochloric acid, but no solid product separates, and the 
ether is precipitated on diluting the liquid. The two substances were 
heated in a sealed tube at 160—170° for 3 hours, methylic chloride, 
campholenonitrile, and ammonium chloride being produced. The 
contents of the tube were found to have separated into two layers, 
colourless crystals being suspended in the aqueous portion ; on removing 
the oil by agitation with ether, and evaporating the aqueous solution, 
ammonium chloride was deposited, yielding a platinochloride which 
gave the following numbers on analysis : 


0°2517 gave 0°1101 Pt. Pt=43-7. 
(NH,),,H,PtCl, requires Pt = 43°8 per cent. 


Alcoholic hydrochloric acid, when heated with the methyl ether in 
a reflux apparatus, converts it.for the most part into campholeno- 
nitrile. 


Ethyl Ether of Camphoroxime, C,,H,,-NO-C,H;. 


The ethyl ether is prepared by heating 40 grams of camphoroxime 
with 250 c.c. of absolute alcohol in which 5°6 grams of sodium has 
been dissolved, ethylic iodide being added from time to time; the 
operation is carried out under reflux, and 50 grams of iodide are em- 
ployed. When the liquid has been boiled for two or three hours, the 
alcohol is distilled, and water added to precipitate the oil, which is 
iaken up with ether, dried with calcium chloride, and freed from ether 
by distillation. The ethyl derivative is a limpid oil, which is volatile 
in steam, and has an agreeable, fruity odour ; it boils at 185° under a 
pressure of 336 mm., and at 218—-219° under a pressure of 765 mm. 
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It has the sp. gr.=0°9470 at 23°5°/23°5°; it is levorotatory, giving 
ap= —35° 57’ 22°5” as the mean of eight concordant readings in a 
2 decimetre tube, whence the specific rotatory power [a])= —19-0° 
at 23°5°. 

The substance has not the marked basic properties exhibited by the 
methyl derivative ; it dissolves in concentrated acids, and is precipitated 
on dilution, but the nitrate does not crystallise, and the hydriodide is 
too deliquescent to be isolated. Concentrated sulphuric acid dissolves 
the ether and becomes warm, but the substance is not changed until 
the liquid is heated, when sulphurous anhydride is evolved, an odour 
of peppermint becoming perceptible when the liquid is rendered alka- 
line. The ether is indifferent towards an ammoniacal solution of silver 
nitrate. 

Although the action of hydriodic acid on the methyl ether gives 
rise to camphor, the higher homologue does not behave in the same 
way. On heating the substance with concentrated hydriodic acid 
in sealed tubes at 130—140° for 3 hours, ethylic and ammonium 
iodides were produced, along with an oil which does not contain cam- 
phor. Concentrated hydrochloric acid in sealed tubes at 130—140° 
gave rise to ethylic and ammonium chlorides, the latter yielding a 
platinochloride containing 43:1 per cent. of the metal (ethylamine 
and ammonium platinochlorides contain 38°8 per cent. and 43°8 per 
cent. respectively). A boiling alcoholic solution of hydrochloric acid 
in a reflux apparatus converts the ethyl ether into campholenonitrile 
(b. p. 215°). 

The ether shows no disposition to break up into camphorimine and 
acetaldehyde, resembling the methyl derivative in this respect ; it is 
however, somewhat singular that the direct action of ethylic iodide on 
camphoroxime does not give rise to ethyleamphorimine hydriodide. 
When the oxime is heated in sealed tubes with ethylic iodide at 
130—140°, the chief product is campholenonitrile. 


Benzyl Ether of Camphoroxime, C,,H,,-NO*CH,° C,H;,. 


Thirty grams of camphoroxime are treated with 23 grams of benzylic 
chloride, and alcohol in which one atomic proportion of sodium 
(4:2 grams) has been dissolved, and after an interval of some hours, 
during which time sodium chloride slowly separates, heated on the 
water bath in a reflux apparatus for a further period of 2 hours ; 
the greater part of the alcohol is then removed by distillation, and the 
residue in the flask, which is pale yellow, treated with steam until it 
is practically odourless. Benzylic alcohol is carried over, and towards 
the end of the operation a certain amount of camphoroxime is deposited 
in the tube of the condenser; when the oil in the distilling flask no 
longer has the odour of benzylic alcohol, it is taken up with ether, 
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agitated with dilute sulphuric acid, washed thoroughly with water, 
and finally dried with calcium chloride containing a small quantity of 
pure lime. The ether is then evaporated, and the residual liquid pre- 
served for many weeks in the desiccator, when a pale yellow, odour- 
less, somewhat viscous oil is obtained. An attempt was made to 
prepare the benzyl ether by the action of benzylic chloride on the 
sodium derivative of camphoroxime suspended in boiling ether ; no 
separation of sodium chloride occurs in presence of this medium, how- 
ever, but combination at once takes place when the two substances 
are heated with alcohol. 

When the benzyl ether is distilled under atmospheric pressure, a 
very remarkable change takes place. The liquid deepens in colour, 
but no further alteration in appearance is noticeable, and there is no 
liberation of gas; on examining the yellow oil which passes over at 
240°, however, it is found to have the marked odour of benzaldehyde, 
and to have acquired the property of reducing an ammoniacal solution 
of silver nitrate, behaviour which is not exhibited by the unchanged 
ether. Moreover, on mixing the distillate with methylic iodide, a 
precipitate of methylcamphorimine hydriodide separates after a short 
interval. It therefore appears that, on distillation, the benzyl ether of 
camphoroxime is in part resolved into a mixture of camphorimine and 
benzaldehyde, the latter being easily separated in the form of the 
sodium hydrogen sulphite compound on agitating the liquid with a 
concentrated solution of the salt. The quantity in which these pro- 
ducts arise is comparatively small, 3 grams of the distilled ether 
yielding only 0-25 gram of methyleamphorimine hydriodide, this being 
probably due in some measure to the unstable character of camphor- 
imine at the boiling point of the ether, because if the latter is heated 
for an hour in a reflux apparatus, the yield of benzaldehyde is aug- 
mented, whilst the quantity of camphorimine is very considerably 
diminished, scarcely any precipitate being obtained on treatment with 
methylic iodide. Furthermore, if the ether is heated in a sealed tube 
at 200—210° during 6 hours, it yields no hydriodide when mixed 
with methylic iodide, although the liquid has the odour of benzaldehyde ; 
exposure to a still higher temperature is attended with the same result. 

The change which the benzyl ether undergoes on distillation 
rendered it necessary to employ the undistilled substance for analysis ; 
it was therefore exposed for many weeks in the desiccator, when the 
following result was obtained : 


0°1987 gave 0:5747 CO, and 0°1624 H,O. C=78°88; H=9-08. 
C,,H,,NO requires C=79°37 ; H=8-95 per cent. 


The ether is levorotatory, and a solution containing 4°6600 grams 
dissolved in 100 c.c. of absolute alcohol at 19°5° gave ay) = — 1°32’ 2” as 
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the mean of seven concordant readings in a 2 decimetre tube, so that 
the specific rotatory power [a])= — 16°4°. 

The hydriodide of the ether quickly separates as a brown, amorphous 
mass when the substance is mixed with hydriodic acid ; when the product 
is drained on porous earthenware, and washed with dry benzene, a 
yellow powder is obtained which melts without evolving gas at about 
91°. It gradually decomposes spontaneously in the desiccator, and is 
resolved into the ether and hydriodic acid on treatment with water. 

Action of Concentrated Sulphuric Acid.—When the benzyl ether is 
mixed with an equal bulk of concentrated sulphuric acid, it rapidly 
darkens and heat is developed ; a solid substance then separates, and 
sulphurous anhydride is liberated. By controlling the temperature of 
the liquid, however, it is possible to resolve the ether quantitatively 
into camphoroxime and the hydrocarbon C,,H,,, produced when benzylic 
alcohol is dissolved in concentrated sulphuric acid. 

Two hundred and fifty grams of concentrated sulphuric acid were 
maintained at a temperature below — 5° by immersion in a mixture of 
ice and salt; 20 grams of the ether, previously cooled by the same 
treatment, were added gradually to the acid, which was continually 
stirred, the temperature at no time being allowed to rise above 0°. 
The first few drops of the ether caused the acid to become red, the 
colour rapidly changing to deep, dirty green, further addition of the 
substance rendering the solution reddish-brown, a pale yellow solid 
separating meanwhile; this precipitate was so flocculent that the 
liquid rapidly became pasty, and when the above-mentioned quantity 
of the ether had been added, the mass was allowed to remain in the 
freezing mixture for 15 minutes, and then thrown on powdered ice. 
The filtrate from the hydrocarbon was exactly neutralised with 
ammonia, which precipitated camphoroxime in crystals; after re- 
crystallisation from petroleum, the product melted at 118°, gave the 
specific rotatory power [a])= —40'2° in absolute alcohol at 23°, and 
was found to contain 8°30 per cent. of nitrogen-(C,,H,,NO requires 
N =8°38 per cent.). 

Action of Hydrochloric Acid.—If the ether is heated for a few 
minutes with concentrated hydrochloric acid, benzylic chloride is pro- 
duced ; employment of an alcoholic solution of the acid, however, 
gives rise to benzylic chloride, campholenonitrile, and a-benzyl- 
hydroxylamine. 

The substance was heated with absolute alcohol and concentrated 
hydrochloric acid in a reflux apparatus for 2 hours, and the liquid 
evaporated on the water bath ; lustrous, white crystals separated on 
cooling, the product being easily identified as the hydrochloride of 
a-benzylhydroxylamine. The platinochloride of this base separates in 
golden yellow scales on adding platinum tetrachloride to an aqueous 
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solution of the hydrochloride; it darkens at about 200°, and finally 
becomes black, but does not melt below 250°. The following result 
was obtained on analysis : 


0°0767 gave 0°0224 Pt. Pt=—29°2. 
(NH,° OC,H,),,H,PtCl, requires Pt = 29-6 per cent. 


Acetyl Derivative of Camphoroxime, C,)H,,-NO-CO-CHs. 


Twenty-five grams of the finely powdered sodium derivative of 
camphoroxime are suspended in about 200 cc. of dry ether, and 
cautiously treated with 10°5 grams of acetic chloride ; action at first is 
very vigorous, the temperature of the medium being raised to the boiling 
point. When the calculated amount of chloride has been added, a portion 
of the liquid is filtered and tested for chlorine, as the presence of 
acetic chloride in the product must be avoided; if excess of the 
acetylating agent has been employed, a further quantity of the 
sodium derivative of camphoroxime must be added until chlorine is 
absent from the clear liquid. The ethereal solution is filtered from 
sodium chloride, and the ether distilled, when a pale yellow oil is 
obtained, having a slightly pungent odour. 

Acetyleamphoroxime cannot be distilled under atmospheric pressure 
without undergoing resolution into campholenonitrile and acetic acid ; 
when the substance is heated, the boiling point does not become con- 
stant until the temperature of the vapour has risen to 224°, although 
a considerable proportion of the liquid distils at about 116—120°. 
This fraction consists almost exclusively of acetic acid, portions col- 
lected subsequently between 130° and 200° containing campholeno- 
nitrile, whilst the fraction boiling at 224° consists of that substance 
alone; at no stage of the operation is a distillate obtained which 
yields camphoroxime on hydrolysis with alcoholic potash, although the 
oxime is at once regenerated when the undistilled derivative is sub- 
mitted to this treatment. It is therefore reasonable to conclude that, 
on distillation, the acetyl derivative is completely resolved into acetic 
acid and campholenonitrile. 

A specimen of the undistilled compound which had been preserved 
for some weeks in the desiccator was analysed with the following 
result : 


0°2223 gave 05658 CO, and 01866 H,O. C=69:41; H=9-33. 
C,,H,,NO, requires C= 68:90 ; H=9-09 per cent. 


The acetyl derivative does not reduce an ammoniacal solution of 
silver nitrate when heated with it, but slight reduction occurs if the 
liquid is boiled for a considerable period. The substance is levorotatory, 
and a solution containing 1-4630 gram dissolved in 25 c.c. of absolute 
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aleohol at 20° gave ap= — 5° 21’ 52” as the mean of six concordant 
readings in a 2 decimetre tube, whence the specific rotatory power 
{a]>= —45°8°. This rotation undergoes no modification during an 
interval of 24 hours, but on heating the solution for 4 hours at 
110—120° in a sealed tube, the specific rotatory power falls to [a]p= 
- 6°; this is due to the conversion of the greater part into B-campho- 
lenonitrile, which is optically inactive. 

Action of Phenylhydrazine.—3‘8 grams of the acetyl derivative were 
dissolved in 4 grams (2 mols.) of phenylhydrazine, forming a somewhat 
turbid solution ; a slight rise of temperature was noticed, and after an 
interval of some hours crystals began to separate. The liquid finally 
became solid, and was then treated with cold petroleum, the insoluble 
portion weighing 2°3 grams ; after recrystallisation from alcohol, the 
substance melted at 130°, and was identified as symmetrical acetyl- 
phenylhydrazine, 2°7 grams being the amount which would be formed 
if the action proceeds in accordance with the equation 


(,,H,,:NO-CO-CH, + C,H,"NH-NH, = C,,H,,:NOH + C,H,-NH-NH-CO-CH,. 


The petroleum filtrate deposited an oil on evaporation, and as this 
cooled it gradually solidified to a crystalline mass of camphoroxime. 


Benzoyl Derivative of Camphoroaime, C,,H,,-NO-CO-C,H,. 


Sixty grams of the sodium derivative of the oxime are suspended in 
dry ether and treated with 44 grams of benzoic chloride, which 
is added in small quantities to the well cooled liquid, as the vigour of 
the action causes the ether to boil if the temperature is not controlled 
by artificial means. The precautions adopted in order to avoid excess 
of chloride in preparing the acetyl derivative are quite unnecessary in 
the case of benzoyleamphoroxime, as it crystallises with exceptional 
readiness, and is therefore easily freed from impurities. On distilling 
the ether after filtration from sodium chloride, the oily residue rapidly 
solidifies in hard, striated prisms; the substance is washed with cold 
petroleum, and then crystallised from the boiling medium. The benzoyl 
derivative may be also prepared by the Schotten-Baumann method, and 
the viscous oil obtained on adding benzoic chloride to camphoroxime 
suspended in its solution in caustic soda solidifies rapidly when the 
liquid is agitated. 

Benzoylcamphoroxime dissolves readily in cold alcohol, ethylic ace- 
tate, ether, chloroform, acetic acid, and benzene, but is sparingly 
soluble in cold petroleum ; the hot solvent, however, dissolves it freely, 
and the compound separates in beautiful, long, transparent prisms as 
the liquid cools. When the solution in acetone evaporates slowly, the 
substance crystallisesin magnificent, six-sided prisms, which frequently 
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approach half an inch in breadth, and are sometimes upwards of an inch 
long ; it melts at 88—90°, forming a clear liquid which solidifies on 
cooling. Analysis gave the following result : 


0°1553 gave 0°4263 CO, and 01107 H,O. C=74:86 ; H=7°92. 
C,,H,,NO, requires C = 75°28 ; H=7-74 per cent. 


The substance is levorotatory, a solution containing 4°1666 grams 
dissolved in 50 c.c. of absolute alcohol at 18° giving ap= — 6° 47’ ina 
2 decimetre tube as the mean of six concordant readings, whence the 
specific rotatory power [a])= —40°7°; it is much more stable in alco- 
holic solution than the acetyl derivative, and when heated in a sealed 
tube at 110—120° for 3 hours, the specific rotatory power falls only to 
[a]»= —32°4°. In common with the other ethers of camphoroxime, 
the benzoyl derivative is indifferent towards an ammoniacal solution 
of silver nitrate, even on continued boiling. When the substance is 
treated with a small quantity of concentrated sulphuric acid, heat is 
immediately generated, and benzoic acid set free ; campholenonitrile is 
not formed, however, but if much acid is employed, and the action 
checked by immersion in ice, this substance is among the producis. 
Benzoyleamphoroxime is soluble in warm aniline, and if the solution 
is heated at 140—150° for several minutes, benzanilide crystallises 
out when the liquid cools. 

Action of Phenylhydrazine.—Six grams of the finely powdered benzoy] 
derivative were mixed with 4°8 grams (2 mols.) of phenylhydrazine, 
and allowed to remain ina stoppered vessel for some days at the 
ordinary temperature ; the solid substance gradually dissolved in the 
base, forming a clear solution which did not become perceptibly warm. 
Bubbles of gas, however, were liberated in small quantity, and this 
continued for several hours; crystals gradually separated, and after 
an interval of about 2 days the liquid set to a crystalline cake. On 
treating the product with cold petroleum, 3:5 grams remained undis- 
solved, the substance being identified as symmetrical benzoylphenyl- 
hydrazine ; the filtrate was evaporated, and set aside to crystallise, 
1-7 gram of camphoroxime being obtained. 

If the benzoyl derivative is heated in boiling water with pheny]- 
hydrazine, effervescence begins in a very short time, and continues 
until crystals separate, which occurs after an interval of 2 or 3 
minutes ; liberation of gas then becomes very vigorous, and the liquid 
solidifies. The portion insoluble in petroleum is not completely soluble 
in benzene, the residue consisting of ammonium benzoate, whilst the 
petroleum filtrate, after evaporation and dissolution in ether, yields on 
agitation with hydrochloric acid a solution which gives camphor and 
phenylhydrazine in the water bath ; it therefore appears that pheny!- 
hydrazine eliminates the benzoic radicle from the benzoyl derivative, 
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giving rise to a small proportion of ammonium benzoate and camphor- 
phenylhydrazone when heated with the substance. 

Mr. W. J. Pope has been good enough to furnish me with the 
following crystallographic description of the benzoyl derivative of 
camphoroxime. 

“ Active benzoyleamphoroxime crystallises from petroleum in beauti- 
ful, colourless, sphenoidally hemihedral, orthorhombic prisms, which 
are very transparent and are highly lustrous (Fig. 1) ; the crystals are 


Fic. 1. 


frequently elongated in the direction of the a-axis and flattened on one 
of the faces of g{011}. The dominant form is qg{011}; the dome 
r{101}, and the prism p{110} are generally the next largest in size. 
The pinacoid 5{010} is always small, and c{001} is very small and fre- 
quently absent ; the pinacoid a{100}, although generally small, is usually 
present. The sphenoid ox{111} is nearly always to be found, and is 
sometimes large ; since no trace of the enantiomorphously related 
sphenoid x{111} was ever observed, the hemihedral nature of the crys- 
tals is conclusively proved. With the exception of the poorly developed 
pinacoid c{001}, all the forms give excellent results on measurement. 


“ Crystalline system :—Orthorhombic, Sphenoidal Hemihedrism. 
a:b:e=1:0194:1:0°8544., 


“Forms present :—a{100}, 6{010}, c{001}, p{110}, g{O11}, 7{101}, 
ox{111}. 
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“The following angular measurements were obtained : 


| No. of veel 
af measurements. Limits. | Mean Calculated, 


Angle. 


49° 19’—49° 43’ 49° 29’ 
40 18—40 40 31 
80 54—81 1 81 
47 —99 
30 —57 
4—33 
12 —44 
16 —45 
54—91 
42 —89 
24—32 ! 
15 —57 
:101 43 —40 
2101 { 51 —50 
Es itl, :| 
:110 
2101 
:110 
:011 


qr 
Tp 
PY 


| | | | 


“The sphenoidally hemihedral nature of the crystals is further con- 
firmed by highly characteristic etch-figures which are often present on 
the faces of g{011}; the outline of these is approximately that of a 
right-angled 60° triangle, and the orientation of the etchings with 
respect to the forms {011} and {1T1} is best shown by the diagram- 
matic sketch (Fig. 2). It will beseen that the etch-figures on any face 
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of {011} are not symmetrical to the plane (010), nor are the etchings 
on two contiguous faces of the form {011} symmetrically disposed with 
regard to the planes (100) and (001); since none of these three 
planes are planes of symmetry, the crystals must be sphenoidally hemi- 
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hedral, a result which agrees with the conclusion drawn from the obser- 
vation of four sphenoidally arranged faces of the octahedron {111}. 

“The optic axial plane is a(100), and an optic axis emerges nearly 
centrally through each of the faces of ¢g{011}; the optic axial disper- 
sion is marked, and of the normal orthorhombic character. No defi- 
nite cleavage was observed, but the crystals break most readily along 
planes roughly parallel to (100); the fracture is conchoidal. 

“ After melting the compound on a microscope slide under a cover 
slip in the ordinary way, it solidifies very slowly, the crystallisation 
taking place first along curved paths which propagate themselves 
through the layer, each usually pushing a bubble in front of it; the 
liquid which does not solidify along these paths, crystallises gradually 
from centres during many hours, giving broad, crystalline patches which 
show a minute grain. The surfaces of these are usually perpendicular, 
or nearly so, to a negative bisectrix of large axial angle ; part of the 
liquid usually solidifies readily on cooling, in broad, uniform patches. 
The somewhat irregular crystallisation is possibly due to a partial 
decomposition occurring on heating.”’ 


Camphoroxime Hydrobromide, C,,H,,-NOH,HBr. 


Quantities of camphoroxime weighing 5 grams are placed in glass 
crystallising dishes, dissolved in about 10 c.c. of glacial acetic acid, and 
treated with 1°5 c.c. of bromine; on heating the reddish-brown liquid, 
a somewhat violent action suddenly begins when the temperature 
approaches the boiling point of the solvent. Hydrogen bromide is 
evolved in considerable volume, and the liquid becomes colourless, 
solidifying to a crystalline magma on cooling; the hydrobromide is 
then freed from mother liquor on the filter pump, washed with cold 
glacial acetic acid, and finally with ethylic acetate, 15 grams of salt 
being obtained from 20 grams of the oxime. The other product of the 
action is campholenonitrile. 

Camphoroxime hydrobromide dissolves readily in alcohol and ethylic 
acetate, being more sparingly soluble in benzene, ether, acetone, and 
chloroform, and insoluble in petroleum and carbon bisulphide ; it crys- 
tallises from acetone in lustrous, prismatic needles, and melts at 174°, 
when it evolves hydrogen bromide, and yields campholenonitrile and 
ammonium bromide. It was analysed by treating the alcoholic solution 
with silver nitrate and nitric acid. 


0:2365 gave 0°1790 AgBr. Br=32-20. 
C,)H,,NO,HBr requires Br = 32°25 per cent. 


The salt is levorotatory, a solution of 1°2068 gram in 25 c.c. of 
absolute alcohol giving a)= — 3° 27’ 20” as the mean of eight concor- 
dant readings, whence the specific rotatory power [a])= —35°8° at 


4A 
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22°5°. The hydrobromide does not dissolve in water, being gradually re- 
solved into the oxime and hydrobromic acid, and the action is accelerated 
by application of heat. It dissolves readily in hot glacial acetic acid, 
and crystallises in minute, transparent plates as the liquid cools, buta 
considerable portion of the salt is converted into campholenonitrile and 
hydrogen bromide. 

Mr. W. J. Pope’s crystallographic description is in the following 
terms. 

“The crystals of active camphoroxime hydrobromide are colourless, 
flattened, monosymmetric prisms, 1—2 mm. long in the direction of the 
b-axis ; they have only a dull lustre, and are rather opaque owing to 
internal striation (Fig. 3). The predominant form is the pinacoid 


Fic. 3. 


a{100}, but the dome 9¢{011} is usually large; both these forms give 
good reflections. The form 7{101} is usually small, but gives fair re- 
sults on measurement, whilst the prism 7’{302} was only once observed 
as a narrow face replacing the edge 100:001; the pinacoid c{001} is 
very variable in size, but is aways well developed. The remaining 
form p{110} is always small, and only gives moderately good reflections. 


Crystalline system :—Monosymmetric. 
a:b:e=1°4699:1:1°0796. 


B=80° 41’ 
Forms present :—a{100}, c{001}, r{101}, 7’{302}, p{110}, g{001}. 


THE ETHERS OF CAMPHOROXIME. 


“The following angular measurements were obtained : 


No. of 


measurements Limits. Calculated. 


Angle. 


100 :101 31 47° 16’—48° 20’ 
001 : 101 24 32 34—33 18 
100 : 302 a 

001 : 302 ine 

101 : 302 he as 

100: 001 19—81 27 
100 : 001 54—99 42 
100 : 110 1—55 58 
110:110 | 47 —69 23 
001:011 | 3—47 82 
011: 011 1—86 54 
110:101 47 —67 59 
110 :011 36—55 47 
011 :101 1—57 54 
001 :110 17—85 11 
001 : 110 | 45—95 42 
100:011 | 10 —83 55 

| 


| 
| 
| 


Pp 
cq 
11 
pr 
PY 
qr 
cp 
cp 
aq 
aq 


| | | | 


100 : 011 54—96 42 


“There is a good cleavage parallel to c(001), and one optic axis can 
be observed emerging through a cleavage flake. The optic axis plane 
is the plane of symmetry, and the obtuse bisectrix emerges through 
«(100) ; the double refraction is positive in sign, and the optic axial 
dispersion is considerable. The compound could not be examined as a 
thin film because decomposition occurs on fusion.” 


Camphoroxime Platinochloride, (C,,.H,,NO),,H,PtCl,. 


Camphoroxime is dissolved in absolute alcohol containing concen- 
trated hydrochloric acid, and after treatment with a concentrated 
aqueous solution of platinum tetrachloride, preserved for many days 
under conditions which allow of slow evaporation, when small, trans- 
parent, bright red crystals separate, usually forming spherical aggre- 
gates. The salt is very readily soluble in absolute alcohol, from which it 
crystallises in long, red, transparent prisms, which become opaque in 
the desiccator ; it softens at about 100°, and melts definitely at 156°5° 
with vigorous effervescence. The substance was analysed, with the 
following result : 


0:2007 gave 0°0527 Pt. Pt=26-25. 
01172 ,, 0:0307 Pt. Pt=26-19. 
(C,,H,;NO),,H,PtCl, requires Pt = 26°11 per cent. 


The platinochloride is insoluble in ether, benzene, and petroleum, 
but it dissolves very readily in cold acetone. The dry substance is at 
4a 2 
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once decomposed by water, yielding camphoroxime, and the latter is 
precipitated when water is added to a solution of the salt in alcohol. 


Inactive Camphoroxime, C,,)H,,-NOH. 


The camphor obtained on oxidising inactive borneol is converted 
into the oxime by heating it in aleohol with an equal weight of hydroxyl- 
amine hydrochloride and the equivalent quantity of caustic soda; 
it has the odour and chemical properties of the active modification, 
and after repeated crystallisation from petroleum, it melts simul- 
taneously with the isomeride at 118°. Analysis gave the following 
result : 


0:1937 gave 14°7 c.c. of moist nitrogen at 20° and 762mm. N=8: 70. 
C,,H,,NO requires N = 8:38 per cent. 


The inactive oxime crystallises from acetone and from ethylic acetate 
in diamond-shaped plates, similar to the crystals obtained from 
petroleum ; it remains transparent until it melts, and when mixed with 
the active modification, it does not depress the melting point of that 
form. The following description of the substance has been furnished 
by Mr. W. J. Pope. 

“Inactive camphoroxime crystallises from light petroleum in large, 


monosymmetric plates (Fig. 4); the dominant form, c{001}, is always 


Fig. 4. 


very poorly developed, its faces being so far from plane that the 
measurements are only obtained with difficulty. The forms o{111} 
and p{110} are small, and their faces, like those of c{001}, give only 
blurred images ; the measurements obtained have therefore no great 
accuracy. 
Crystalline system :—Monosymmetric. 
a:6:¢c=1:2579:1 :0°7723., 
B=55° 48’. 
Forms observed :—ce{001}, of111}, p{110}. 


THE ETHERS OF CAMPHOROXIME., 


“The following angular measurements were obtained : 


No. of | 


Angle. 
8 measurements. | 


Limits. Mean. Calculated. 


111 :117 104° 1’—105° 47’| 104°52’ | 104° 45’ 
111: 111 74 11— 75 58 75 15 — 
001 : 111 50 42— 51 59 51 15 on 
111 :110 | 61 8— 62 17 61 40 | ~ 
001 :110 66 54— 68 22 67 34 | 7 


“ An optic axis emerges almost perpendicularly through c{001} so 
that no extinction can be observed through this form ; the plane of 
symmetry is therefore the optic axial plane. 

“The dextro- and levo-camphoroxime which compose this inactive 
compound have been examined by Muthmann (Zeits. f. Kryst., 1889, 
15, 402—403) ; they crystallise in very beautiful, hemimorphic, mono- 
symmetric prisms, having the axial data 

a:b:c¢=1°0522:1 : 0°6073. 
B=80° 18’ 

The poorly-developed crystals of the inactive compound contrast very 
strongly with the beautiful crystals of the active substances, and 
further cannot be referred to the same, or approximately the same, set 
of axes as the latter; inactive camphoroxime is therefore a racemic 
compound and not pseudoracemic. Since, however, the melting point 
of the active and racemic compounds is the same, it would be expected 
from the work of Kipping and Pope (this vol., 989), that, on heating 
the racemic compound to below its melting point, it should before 
melting become a mere mixture of the two active components, or 
pseudoracemic ; the examination of thin films of the two substances 
showed this expectation to be realised, and thus adds further confirma- 
tion to the accuracy of the work on racemism and pseudoracemism 
mentioned above. 

“ Active camphoroxime solidifies readily after melting on a microscope 
slide under a cover-slip, giving a cubic modification; this, a few 
seconds after its formation, changes rapidly into large flakes of a 
biaxial modification which are striated with straight lines crossing 
each other in a definite and highly characteristic manner. An acute 
bisectrix usually emerges through the flat surface of the film. 

“Inactive camphoroxime solidifies after melting withsimilar readiness, 
and the first crystalline modification is likewise cubic ; immediately 
after the formation of the, cubic modification during cooling, change 
occurs, and a biaxial modification is produced which is striated in just 
the same kind of way as the corresponding form of the active oxime. 


00 
00 
co 
op 
cp 
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It is, therefore, concluded that the cubic and biaxial forms are 
erystallographically similar in the case of the active and inactive sub. 
stances, and that the inactive isomeride in each of these two modifi- 
cations exists as a mechanical or pseudoracemic mixture. After 
standing for a few minutes at the ordinary temperature, another 
crystalline change occurs in the film of the inactive oxime, and proceeds 
slowly during several hours until the whole of the film has changed; 
the new modification is also biaxial, but owing to its aggregated nature, 
its optical properties could not be satisfactorily determined. This 
modification is doubtless a true racemic compound, because the film of 
the active oxime does not again change in crystalline form on standing. 

“The behaviour of these two substances is in complete agreement 
with what is known of racemic and pseudoracemic substances ; the 
active compound is dimorphous, and the inactive substance exhibits 
trimorphism, but the two forms of the latter stable at higher tempera- 
tures are structurally similar to those of the former, and are mere 
mixtures of the two optically active components. The modification of 
the inactive substance stable at ordinary temperatures must, on the 
other hand, be a racemic compound, and is probably the form obtained 
by crystallisation from organic solvents.” 

Experiments on the benzoylation of inactive camphoroxime have not 
led to the result anticipated, and it will be necessary to obtain a fresh 
supply of material before a description of the inactive benzoyl deriva- 
tive can be put forward. 


RoyAL CoLueGE oF SCIENCE, LONDON, 
SourH KENSINGTON. 


XCIV.—The Action of Nitrogen Trioxide and Tetroxide 
on Alcohols. Part I. 


By Jutius Berenp Conen, Ph.D., and Harry Toornton Cauvert, B.Sc., 
The Yorkshire College. 


In attempting to prepare benzylic nitrite, a substance which 
appears not to have been obtained, we tried, among other methods, the 
action of a chloroform solution of nitrogen trioxide on benzylic alcohol, 
anticipating the following reaction : 

2C,H,* CH, OH + N,O, = 2C,H,*CH,*ONO + HO. 

On adding the deep blue solution of the trioxide to the alcohol, the 
blue colour changed at once to a light brown, and the liquid became 
turbid from the separation of minute drops of water. A result of this 
kind would occur supposing the above reaction to have taken place ; 


~~. - & mm ‘Shee Oe OO. Ue 


TRIOXIDE AND TETROXIDE ON ALCOHOLS. PART I. 1051 


but, on standing, the liquid became green, probably from the presence 
of free nitrogen trioxide. The test-tube in which the reaction was 
tried was placed on one side for a day or two, and on returning to the 
experiment, the chloroform had evaporated, and the liquid which 
remained smelt strongly of benzaldehyde. It gave a copious precipi- 
tate with phenylhydrazine, which had the correct melting point (153°) 
for the hydrazone of benzaldehyde. The reaction was repeated with 
the same result, and it was found that aldehydes were produced in the 
same manner, although much less abundantly, from methylic, ethylic, 
propylic, and amylic alcohols, and from ortho- and para-nitrobenzylic 
alcohols. 

If, after the addition of the nitrogen trioxide solution to benzylic 
alcohol, the product is immediately poured into caustic soda solution, 
so that the reaction is stopped, only a very small quantity of benzalde- 
hyde is formed. That the formation of aldehyde is a gradual one is 
further evident from the following experiments. 

The strength of the nitrogen trioxide solution was roughly 
determined, to begin with, by pouring 5 c.c. into 100 c.c. of dilute 
caustic soda solution cooled in ice and shaken until the chloroform was 
colourless. Ten c.c. of the alkaline liquid was withdrawn, diluted 
largely with water, acidified with sulphuric acid, and titrated with 
standard permanganate solution. 

It was found in this way that 5 c.c. of the chloroform solution con- 
tained rather over one equivalent of trioxide corresponding to 1 gram 
of benzylic alcohol. 

Into four glass tubes, with constrictions for sealing, 1 gram of benzylic 
alcohol was introduced, and 5, 8, 10, and 15 ¢.c. respectively of trioxide 
solution, corresponding to 1, 14, 2, and 3 molecules of trioxide, were 
added. These tubes were then sealed up and allowed to stand. After 
3 days, the tubes with 5 and 10 c.c. of trioxide solution were opened, 
poured into caustic soda solution, and the trioxide titrated as above 
described. The chloroform solution was then withdrawn and the 
alkaline liquid repeatedly extracted with chloroform. The combined 
chloroform solution and washings were dehydrated over calcium 
chloride, the chloroform distilled off, and the aldehyde in the residue 
estimated as the phenylhydrazone as follows. The contents of the 
distilling vessel, which was rinsed out with alcohol, were poured into 
water, and 1 gram of phenylhydrazine dissolved in excess of dilute 
acetic acid was added. After standing for a short time, the phenyl- 
hydrazone was filtered, dried at 100°, and weighed. After 4 days, the 
tubes with 8 and 15 c.c. of trioxide were opened and treated in the 
same manner. The following are the results obtained : 
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Weight of Volume 
benzylic of N,O, Weight of 
No. of | alcoholin solution Time in hydrazone Excess of N,0, 
experiment. grams. in ¢c.c. days. in grams. left in grams. 


1 5 1 0-069 
10 } . 1-04 spoilt 

1-21 0:46 

} 4 1-21 0:93 


1 
1 
1 


15 


A fifth experiment was afterwards made with 10 c.c. of the trioxide 
solution, which had been frequently exposed to the air and had a 
greenish tint. After standing 5 days, the quantity of phenylhydrazone 
amounted to 1:33 grams. This experiment will be referred to again. 

Two conclusions may be drawn from these experiments: firstly, 
time is a factor in the formation of benzaldehyde ; and secondly, the 
reaction occurs between equivalent molecules of benzylic alcohol and 
nitrogen trioxide. 

It is not easy to formulate the reaction. The simple equation which 
explains the immediate separation of water on adding the two 
substances, which may be expressed as follows : 


O,H,CH,-OH + N,0, = C,H,-COH + 2NO + H,0, 


is obviously untenable, as it neither accounts for the slow formation 
of the aldehyde nor the production of the green trioxide on standing. 
The correct interpretation of the reaction follows from the study of 
the action of nitrogen tetroxide on benzylic alcohol, to which we next 
turned our attention. 

In the fifth experiment referred to above, on estimating the quantity 
of trioxide remaining, we were surprised to find that it was nearly 
equal to the quantity in the original trioxide solution. This could 
only be explained by supposing that the excess was due to the reduc- 
tion of some tetroxide in the original solution to trioxide. That a 
considerable quantity of tetroxide was present was evident from the 
green colour of the solution, as well as from the fact that during the 
frequent removal of the stopper in the previous experiments, a quantity 
of air must have entered. 

In order to determine the action of nitrogen tetroxide on benzylic 
alcohol, a quantity of dry tetroxide was prepared.* On adding a few 


* A very simple method for preparing fairly large quantities of pure nitrogen 
tetroxide is first to make the trioxide in the ordinary way by the action of con- 
centrated nitric acid (sp. gr. 1°4) on arsenious oxide, and then to pass the gas 
through a Woulfe’s bottle cooled in ice. To the exit tubulus of the Woulfe’s bottle, a 
T-piece is attached, through the horizontal arm of which a stream of oxygen 
can be passed. Although the liquid trioxide is practically unacted on by oxygen, 
rapid combination takes place between the oxygen and the gaseous trioxide. After 
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drops to a few drops of benzylic alcohol, a violent reaction occurred, 
the liquid began to boil, and after standing, a quantity of benzaldehyde 
was found to have been produced. 

On diluting the tetroxide with chloroform and adding the solution 
to the aleohol kept cool in water, the action was moderated and the 
following characteristic changes were observed. A clear, light brown 
liquid is first produced, which quickly becomes turbid, this being due, 
as in the case of the trioxide, to the formation of drops of water. At 
the same time, the brown liquid begins to change colour and becomes a 
more and more intense green on standing. An experiment made with 
1 gram of benzylic alcohol and 1 molecular equivalent of tetroxide 
gave at the end of 5 hours 1°36 gram of phenylhydrazone. The 
strength of the tetroxide solution was determined, as previously de- 
scribed for the trioxide, by pouring a measured volume into an ice- 
cold solution of caustic soda and titrating the amount of trioxide 
present, from which the quantity of tetroxide can be calculated 
according to the equation 


2N,0,=N,0, + N,0,. 


In order to determine whether the benzaldehyde was formed at once 
on the addition of the tetroxide, or slowly as in the case of the trioxide, 
a second experiment was made. After mixing molecular equivalents 
of alcohol and tetroxide, the mixture was poured into dilute caustic 
soda solution. The chloroform solution now contained only a trace of 
benzaldehyde. The nitrite solution, on the other hand, required almost 
exactly the same quantity of permanganate as the original tetroxide 
solution. The latter result is curious, because if the two reactions are 
expressed as follows: 


(1) 2N,0,=N,0; + N,0, 
2C,H,*CH,*OH + 2N,0, = 2N,0, + H,0 + 2C,H,-COH, 


one would expect that the splitting off of water in the second equation 
would produce a double quantity of trioxide. The question then arises, 
What has become of the missing molecule of trioxide in the second 
equation ? 

The idea naturally suggested itself that it had remained attached to 
the benzylic alcohol molecule. 


passing through two U-tubes containing anhydrous calcium nitrate, the tetroxide can 
be collected in a distilling flask cooled in a freezing mixture. The nitrogen tetroxide 
is then redistilled by attaching a condenser and receiver and surrounding the 
distilling flask with warm water. This distillation is necessary, as a small liquid 
residue always remains, which is probably derived from the decomposition of the 
cork. By this method, over 100 grams of dry tetroxide free from trioxide have been 
prepared in half a day. 
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In order to verify this, equivalent molecules of benzylic alcohol and 
nitrogen tetroxide in chloroform were mixed and immediately poured 
on to ice. The liquid was then carefully neutralised with a 5 per cent. 
caustic soda solution, when the chloroform remained of a pale yellow 
colour.-» The chloroform solution was then separated, dehydrated over 
calcium chloride, and the chloroform distilled off on the water bath. 
An amber-coloured liquid remained behind, and it contained nitrogen. 
The liquid was alternately heated for a few minutes on the water bath 
and placed in a vacuum desiccator over olive oil to remove traces of 
chloroform. These operations must be rapidly performed, as the liquid 
is very unstable, slowly evolving nitrous fumes at the ordinary tem- 
perature and forming benzaldehyde. 

The following results were obtained on analysis from two different 
preparations. The numbers are low for the reasons stated : 


0:2035 gave 14°8 c.c. moist nitrogen at 21° and 751 mm. N=8'6. 
G1sss .. 1906. -« » at 182° ,, 760mm. N=87. 
C,H,NO, requires N = 9:1 per cent. 


The liquid has a yellow colour, and a sweet, penetrating smell. As 
already mentioned, it decomposes on standing; on heating, the 
decomposition is more rapid, and, on boiling, it immediately darkens 
in colour. It gives a characteristic reaction with strong hydrochloric 
acid. On the addition of the acid, it becomes a deep red colour, and, 
on heating, a rapid effervescence and evolution of nitrous fumes 
occurs, accompanied by the disappearance of the red colour. The 
liquid is now wholly converted into benzaldehyde. 

This was shown by extracting the product with ether and shaking 
up with sodium bisulphite solution, when the bisulphite compound 
was formed, and, after separating and distilling the ether, no residue 
was left. The benzaldehyde was also converted into the phenyl- 
hydrazone, m. p. 153°. On oxidation with chromic acid mixture, the 
compound is converted into benzoic acid, identified by its melting 
point (120°) and by its characteristic smell, 

On reduction with the aluminium-mercury couple (Trans., 1890, 57, 
811) in alcoholic solution containing hydrochloric acid, the substance 
is decomposed into benzylic alcohol, benzylamine, and ammonia; no 
hydroxylamine was formed. After reduction, the alcohol was distilled 
off, and ether added to the residue. The benzylic alcohol dissolves, 
and a mixture of benzylamine and ammonium hydrochloride remains 
and was separated from the benzylic alcohol by filtration. 

The benzylic alcohol was identified by its boiling point (206°) and 
by the boiling point of its benzoate (320°). 

The mixed hydrochlorides of benzylamine and ammonia were treated 
with a strong solution of caustic séda and extracted with ether. 
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The benzylamine dissolves in the ether, from which it may be 
separated by distilling off the ether. ‘The residue thus obtained was 
dissolved in dilute hydrochloric acid, and platinie chloride added, 
when the yellow, crystalline platinum salt was formed. An analysis 
of the platinum salt gave the following result : 

0:1131 gave 0:0358 platinum. Pt=31°6 per cent. 

(C,H,N),H,PtCl, requires Pt =31°4 per cent. 

The compound was further identified by the solubility in water of 
the hydrochloride and by its m. p. 247—250°, and by the solubility of 
the free base in water, alcohol, and ether, and its insolubility in strong 
caustic soda solution. 

From the character of the various reactions which have been 
described, we are disposed to assign provisionally the following con- 
stitution to the compound, which may be called phenylnitrocarbinol, 


H 
C,H,-CON O,. 
\OH 
At the same time, we admit that the evidence is still incomplete. 
Assuming this formula, we may proceed to explain the interaction of 
benzylic alcohol and nitrogen tetroxide. 

In the first stage of the reaction corresponding to the separation of 
water and the turbid appearance of the liquid, a product which may be 
termed benzylidene nitrosate is formed, as follows : 

C,H,°CH,°OH + N,O, = C,H,*CH:N,O, + H,O. 

The existence of a compound of this constitution, although we have not 
succeeded in isolating it, seems probable in view of the recent researches 
of Scholl (Ber., 1888, 21, 509 ; 1890, 23, 3490 ; 1895, 28, 1361) and 
of Fileti and Ponzio (J. prakt. Chem., 1895, [ii], 51, 498, and 1897, [ii], 
55, 186), who have isolated compounds of the general formula 
R-C(N,O,)-R and R-C(N,O,)-CO-R by the action of nitrogen tetroxide 
on ketoximes and isonitrosoketones, and by the action of nitric acid on 
ketones. Benzylidene nitrosate gradually loses nitrogen trioxide on 
standing and forms benzaldehyde, thus : , 


C,H, CHN,0, = N,0,+C,H,*COH. 


This will account for the fact that the solution assumes a deep green 
colour on standing and also that the quantity of trioxide increases 
part passu with that of the benzaldehyde. If, on the other hand, the 
nitrosate is poured into water it is hydrolysed and phenylnitrocarbinol 
is formed together with nitrous acid, 


C,H,CHN,0, + H,0 = C,H,NO; + HNO,. 


The substance, which we term phenylnitrocarbinol, is probably identical 
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with the compound first investigated by Lippmann and Hawliczek in 
1876 (Ber., 9, 1463) to which they gave the name of nitrobenzoyl, 
The latter substance was obtained as a bye-product in the preparation of 
metanitrobenzaldehyde by the action of a mixture of concentrated 
nitr’c and sulphuric acids on benzaldehyde. Although the authors 
assign the formula C,H,NO, to the compound, we are disposed to think 
from the few properties which are described that it is identical with the 
compound we have obtained. Thus, like our compound, it is a yellow 
liquid, which decomposes on boiling and yields benzoic acid on oxidation 
with chromic acid mixture. 

In order to compare the two substances, we attempted to prepare 
Lippmann’s compound by the method he describes. The specified 
quantities of acid and benzaldehyde were mixed together, and the 
product after dilution with water was extracted with ether, in which 
both the nitrobenzaldehyde and the nitrobenzoyl are soluble. The 
ethereal solution was shaken up with sodium bisulphite solution and 
allowed to stand. The nitrobenzoyl does not combine with sodium 
bisulphite, but remains dissolved in the ether. The ether was therefore 
decanted and distilled, when the nitrobenzoyl should remain behind as 
a light yellow oil. In our experiments, a very small quantity of oil 
remained, but in a short time it solidified, forming a mass of colourless 
crystals, which, after recrystallisation from water, melted at 131—133°. 
This substance is apparently an acid, for it dissolves readily in caustic 
soda solution, but it was not further investigated. 

It is evident that the conditions under which our experiment was 
conducted differed in some essential point from those of Lippmann 
and Hawliczek, and as we were unsuccessful in preparing their com- 
pound, a direct comparison of the two substances had to be relinquished. 

Supposing Lippmann’s compound to have the composition we have 
assigned to it, it is easy to formulate a theory as toits formation. By 
the action of nitric acid on benzaldehyde, some benzoic acid is probably 
formed, and, at the same time, some nitric acid is reduced to lower 
oxides of nitrogen. Nitrogen trioxide, if present, might combine with 
the benzaldehyde to form the nitrosate we have described, which would 
be decomposed by water, yielding phenylnitrocarbinol. 

Unfortunately for the theory, nitrogen trioxide does not combine 
directly with benzaldehyde. The action was tried with a solution of 
the trioxide in chloroform and with pure nitrogen trioxide at the 
ordinary temperature and at the freezing point, and in the presence of 
strong sulphuric acid. This result is perhaps not surprising, when 
one considers how readily the nitrosate parts with nitrogen trioxide 
and forms benzaldehyde. It is possible that the trioxide in the nascent 
state may act otherwise, but, however this may be, we have failed to 
bring about the combination. 
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It now remains to explain the interaction of nitrogen trioxide and 
benzylic alcohol. It is probably similar to that of nitrogen tetroxide 
and the alcohol, as the same series of changes are observed. Thus a 
nitrosite may be formed in the first stage, as follows : 


C,H, CH,OH + N,0, = C,H, CHN,O, + H,0. 


This would account for the disappearance of the blue colour and the 
formation of water. The nitrosite, like the nitrosate, will slowly 
decompose on standing, giving rise to nitric oxide and benzaldehyde, 


C,H,* CHN,0, = C,H, COH + 2NO. 


If there is any tetroxide in the trioxide solution or any oxygen in the 
vessel in which the reaction occurs (both of which were invariably 
present), a sufficient quantity of trioxide will be formed to impart a 
green colour to the liquid; but the reaction will take place between 
equal molecules of alcohol and nitrogen trioxide, and so much trioxide 
will at once disappear from the liquid, which agrees with the experi- 
mental results given at the beginning of the paper. This view 
requires further experimental confirmation, which we hope to bring 
forward in a future communication. 

We have tried the action of nitrogen tetroxide on various other 
alcohols and also on hydroxyl compounds (oxy-acids, &c.), with results 
upon which we are at present engaged. In conclusion, we desire to 
thank Mr. J. H. Sugden, B.Sc., for substantial help in the early part 


of this investigation. 


XCV.—The Action of Nitrogen Tetroxide on Ortho- 
and Para-nitrobenzylic Alcohols. 


By Juxius Berenp Conen, Ph.D., and Witt1am Hupson Haragison, 
B.8c., The Yorkshire College, 


In the previous communication, the action of nitrogen tetroxide on 
benzylic alcohol has been described and, up to a certain point, 
elucidated. 

As this action suggested a possible method for preparing other benz- 
aldehydes and especially the ortho- and para-nitrobenzaldehydes, we 
have directed our attention to this subject. 

The results of the first experiments were exceedingly promising. 
One gram each of ortho- and para-nitrobenzylic alcohols were added 
to a slight excess of nitrogen tetroxide dissolved in chloroform. The 
successive changes observed in the case of benzylic alcohol reappeared 
in both cases. On standing in stoppered vessels for 3 days, the liquid 
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had become deep green, and a small quantity of colourless crystals 
had separated. In each case, the chloroform and oxides of nitrogen 
were evaporated off on the water bath and a solid, crystalline crust 
remained behind. In the case of the paranitro-compound, 0°96 gram of 
product melting at 97—100° was obtained from 1 gram of the alcohol. 
The substance, after one crystallisation from water, melted at 105° and 
gave the phenylhydrazone melting at 155°. 

In the case of the orthonitro-compound, which was treated in a 
similar manner, 0°94 gram of product (m. p. 41°) was obtained. It 
had a brown colour, but was readily purified by a single crystallisation 
from water. The addition of a dilute solution of phenylhydrazine ace- 
tate yielded the crystalline hydrazone melting at 153° and with acetone 
and dilute caustic soda, a copious precipitate of indigo-blue was 
formed. 

The yield of aldehyde in both cases is practically theoretical. As 
in the case of benzylic alcohol, the aldehydes are also formed with 
nitrogen trioxide, but the action is slower and the yield very much 
smaller than with benzylic alcohol. Thus from one gram of the alcohols 
and a slight excess of nitrogen trioxide dissolved in chloroform, 0:45 
gram of the hydrazone was obtained in each case after the action had 
been allowed to proceed from 2 to 3 days. It seems, in fact, not 
improbable, in view of the extreme difficulty of preparing the trioxide 
free from tetroxide, that it is the tetroxide alone which reacts on these 
two alcohols. 

The final products of the action of nitrogen tetroxide on the alcohols 
are therefore the aldehyde, water, and nitrogen trioxide. Now as 
nitrogen trioxide readily forms the tetroxide by contact with air, it 
occurred to us that the latter might react catalytically, as in the 
sulphuric acid process. The result has not only confirmed our antici- 
pation, but has done so in a very striking manner. 

The reaction is best observed in the case of orthonitrobenzylic 
alcohol. 

In our first experiment, 1 gram of the alcohol was powdered and 
introduced into a stoppered bottle of about 600 c.c. capacity and 
spread in a thin layer over the bottom of the vessel. A stream of 
nitrogen tetroxide was conducted for a moment into the bottle, which 
was then stoppered. It was easy to see that a reaction was in pro- 
gress, as the solid became moist and at some points liquid. This is 
due to the formation of the nitrosate and water. The bottle was 
placed on one side for 2 days, after which time the contents had again 
become solid, but the crystalline form and general appearance of the 
substance had undergone a change. Yet the bottle contained red 
fumes, which appeared to have only slightly diminished in quantity. 
The product was removed and dried. It melted at 38—41°. By con- 
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verting a weighed quantity into the phenylhydrazone, it was found to 
consist of 75°7 per cent. of the aldehyde.* 

In order to follow the reaction more closely, a larger quantity of 
orthonitrobenzylic alcohol was taken, and the amount of nitrogen 
tetroxide at the beginning and end of the experiment was carefully 
ascertained. 

The experiment was performed in a bell-jar standing upon a ground 
glass plate. Into the neck of the bell-jar a doubly-bored cork was 
inserted. Through these two holes two tubes passed, one reaching to 
the bottom of the bell-jar and the other ending below the cork. The 
outside ends of the two tubes were sealed off. The cork on the inside 
was thickly parafiined, to protect it from the nitrogen oxide vapours. 
A tier of large watch glasses, each containing from 1 to 2 grams of the 
alcohol spread out in a thin layer, was placed upon the ground glass 
plate, and along with them a small tube containing a weighed quantity 
of nitrogen tetroxide, the closed end of which was broken off, just before 
covering the whole with the bell-jar, which was made to fit tightly on 
the glass plate by means of vaseline. Ten grams of the alcohol were 
used, but instead of the equivalent of nitrogen tetroxide (6 grams), 
only 1°72 gram was taken. The bell-jar was left in the dark for 
48 hours, during which time the substance had become liquid and 
solidified again, the vessel remaining filled with brown vapours of the 
tetroxide. The closed ends of the two tubes were now opened and a 
current of dry air aspirated through the bell-jar, the nitrogen tetroxide 
being dried and then collected in two weighed potash apparatuses. 
The operation was continued for 12 hours, and the increase in weight 
amounted to 0°45 gram. The product, a weighed quantity of which was 
converted into the hydrazone, contained 74 per cent. of aldehyde, and 
melted at 43—45°. Although our point is fully proved by this experi- 
ment, we expected to obtain a larger quantity of residual tetroxide at 
the end of the reaction. The loss of tetroxide is to be accounted for 
by the fact that, as water is formed in the experiment, some of the 
tetroxide is decomposed, yielding nitric acid, which was plainly evident 
from the drops of acid liquid which condensed upon and trickled down 


the sides of the bell-jar. 


* This method of estimating orthonitrobenzaldehyde is sufficiently accurate for 
practical purposes. Two specimens of the pure and colourless orthonitro-compound 
melting at 444—454° were analysed in this way and yielded a weight of the phenyl- 
hydrazone corresponding to 98°2 and 97°5 per cent. respectively of the aldehyde. 
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XCVI.—The Action of Aromatic Anunes on Diacetyl- 
tartaric Anhydride. 


By Juxius Berend Conen, Ph.D., and Witu1am Hupson Harrison, 
B.Sc., The Yorkshire College. 


THE object of the present research was to prepare the aromatic 
amido-acids of tartaric acid, and by a comparison of the position iso- 
merides, for example, the three isomeric toluidotartaric acids, to 
determine the effect of such groups on the optical properties of the 
compounds in aqueous solution. In this manner, interesting evidence 
might be forthcoming for or against Guye’s well-known theory. 

Auwers (Annalen, 1896, 292, 173) has prepared the amido-acids of 
succinic acid by boiling the chloroform solution of succinic anhydride 
with the amine. This suggested the method of acting on the anhydride 
of tartaric acid with the amine. The diacetyl derivative of tartaric 
anhydride was selected, as it is readily prepared by boiling tartaric 
acid with an excess of acetyl chloride (Perkin, Annalen, Supl. Band., 5, 
287). The action of diacetyltartaric anhydride on the amine did not 
give the result we anticipated. No amido-acid is produced, but the 
reaction results in the formation of a variety of other products ; among 
these, a series of new and very beautiful golden-yellow substances 
have been isolated, of which a brief account is given. 

On boiling together equivalent molecules of aniline and diacetyl- 
tartaric anhydride dissolved in benzene and allowing the solution to 
cool, a glassy, amorphous substance separates, which could not be 
crystallised. 

That a reaction does occur between the anhydride and the amine, is 
shown by the fact that a considerable rise of temperature is produced 
by bringing the two compounds together. If the anhydride is 
dissolved in a large excess of aniline at a very gentle heat and the 
liquid allowed to stand for several days, needle-shaped crystals 
gradually fill the liquid. The crystals were separated from the excess 
of aniline by dissolving the latter in ether, and, after recrystallisation 
from alcohol, gave the following result on analysis : 


0°1957 gave 14:2 c.c. moist nitrogen at 14° and 759 mm. N=8'3. 
C,,H,,.N,O; requires N = 8°2 per cent. 


18s*¥¢ 

The crystals melt at 148°, and on evaporating the aqueous solution 
to dryness, aniline was given off and tartaric acid remained. The 
substance is therefore monoacetyltartranilide. When diacetyltartaric 
anhydride and aniline are heated together at 150°, water and acetic acid 
are given off and a solid, yellow mass results. From this, alcohol extracts 
an uncrystallisable oil, acetanilide, a yellow crystalline compound and 
a small quantity of tartranilide, leaving a yellowish residue consisting 
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mainly of tartranilide and some of the yellow compound. On adding 
a little water to the alcoholic extract, the whole of the yellow com- 
pound and the tartranilide are precipitated, and the two latter may be 
separated by extraction with benzene, which dissolves out the yellow 
compound only. 

The tartranilide was recrystallised from alcohol and gave the following 
result on analysis : 


0:2117 gave 16-7 c.c. moist nitrogen at 105° and 7515 mm. N=9°33. 
C,,H,,N,O, requires N = 9°3 per cent. 


The quantity of the yellow compound prepared in this way was 
very small, and the proportion of aniline and the anhydride, as well 
as the temperature, were varied in order to obtain an improved yield. 
Tartranil and tartranilide were also heated with aniline with the 
same object. The best result was obtained by heating 10 grams of 
diacetyltartaric anhydride and 8°5 grams of aniline at 150° for about 
three-quarters of an hour. 

The yellow compound was recrystallised from benzene, from which 
it separates in the form of golden, spindle-shaped crystals. 

The following results were obtained on analysis : 


I. 0'2002 gave 17°5 c.c. moist nitrogen at 14° and 759mm. N=10°28. 
1.01703 ,, 15:1 ™ » at 145,,7595mm. N=1041. 
C,,H,,N,0, requires N = 10 per cent. 
C,,H,.N.0. », N=106 ,, 


The substance decomposes above 200° without melting. It is 
insoluble in caustic soda, but on prolonged boiling it gradually 
dissolves, aniline being evolved and the yellow colour disappearing. 
The solution contained neither tartaric nor dioxytartaric acid. 

From the analysis and properties of the compound, the substance 
will probably have one of the following formule : 

C,H,"N:C CO CH:-CO 
hee (0H)-co7 NOH OHN< bp. co NCoHs- 

Until we have succeeded in finding a more direct method of 
preparing the substance, we shall postpone any further discussion of 
the formula. 

Paratoluidine and §-naphthylamine produce similar yellow, crystal- 
line compounds to the above, the only difference being that the 
paratoluidine compound is of a deeper tint. Orthotoluidine and a-naph- 
thylamine, under similar conditions, yield products which we have not 
yet succeeded in purifying. 

An analysis of the paratoluidine derivative gave the following 
result : 

VOL, LXXI. 4B 
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01484 gave 12 c.c. moist N at 165° and 768 mm. N =9:52 per cent, 
C,,.H,,N,0, requires N = 9°5. 
CisHige0, 9» N=9'1. 


A molecular weight determination in boiling benzene gave the 
following result : 


0:0675 in 19°6 of benzene raised the boiling point 0°03°. 
M. W = 297°6. 
C,,H,,N,O, = 308. 


By the action of f-naphthylamine on diacelyltartaric anhydride, 
four principal compounds are formed, which are separated as follows. 
The product of the reaction is first extracted with benzene, the 
benzene solution is then distilled and the residue extracted with water 
which dissolves aceto-8-naphthylide and leaves a very small quantity 
of the yellow compound. 

The latter was analysed with the following result : 


0:0687 gave 4 c.c. moist N at 14° and 756 mm. N=6°82 per cent. 
C,,H,,N,O0, requires N =7°6 per cent, 
C,,H\,N,0, N=74 ,, 
The portion insoluble in benzene was extracted with water. The 
substance insoluble in water was tartaric P-naphthylide, it was 


converted into the acetyl derivative, recrystallised from glacial acetic 
acid, and analysed. 


01104 gave 5-7 c.c. moist N at 14° and 755mm. N=5-96 per cent. 
C,,H,,N,O, requires N = 5-78 per cent. 


The compound, which was not dissolved by benzene but dissolved 
in water, is probably tartaric naphthylamil, that is, the naphthyl- 
amine analogue of tartranil. It gave on analysis the following result : 


0:1742 gave 8:5 c.c. moist N at 12° and 749 mm. N=5-72 percent. 
C,,H,,0,N requires N = 5:42 per cent. 


XCVII.—Jnteraction of Ethylenic Chloride, Ethylic 
Malonate, and Sodium Ethoxide. 


By Bevan Lzan, D.Sc., B.A., and Freperic H. Lees. 


Ir has been shown by W. H. Perkin, jun. (Trans., 1885, 47, 807) 
that when ethylenic bromide is treated with the monosodium deriva 
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tive of ethylic malonate the chief product is 1 : l-ethylic trimethylene- 
dicarboxylate, thus : 


CH, Br CH. 
Br + 2CHNa(COOEt), = és > C(COOEt), + CH,(COOEt), + 2NaBr. 
2 


CH, 


In a later paper (Trans., 1887, 51, 19) he has shown that at the 
same time a small quantity of ethylic butanetetracarboxylate is formed, 
resulting from the action of 1 mol. of ethylenic bromide on 2 mols. of 
the sodium compound, thus : 


9CHNa(COOEt), + CH,Br-CH,Br = 
(COOEt),CH: CH, CH, CH(COOEt), + 2NaBr. 


In a subsequent paper (Trans., 1894, 65, 578) Perkin has proved 
that when ethylenic chloride is substituted for ethylenic bromide, the 
yield of ethylic butanetetracarboxylate can be materially increased. 

Having recently had occasion to prepare a large quantity of ethylic 
butanetetracarboxylate for the purposes of another investigation, we 
have followed successfully the directions laid down by Perkin ((oc. cit.), 
but have found that, in addition to the two products already named, 
two others, which have hitherto been overlooked, are also formed in 
small quantities, namely, ethylic butaneéricarboxylate and ethylic 
adipate. 

The method followed in establishing this conclusion is described in 
the present paper. 

It will be desirable to repeat the experimental details of this many- 
sided action ab initio. 

Sodium (9:2 grams) is dissolved in absolute alcohol (120 c.c.), the 
solution transferred to a soda-water bottle, ethylic malonate (64 grams) 
and ethylenic chloride (21 grams) added, and the whole well shaken 
and tightly corked, the cork being tied down. The bottle is then 
heated in a. water bath, at 100°, for 8 hours, four or six such 
bottles being usually heated at the same time. When cold, the 
alcoholic solution is decanted from the sodium chloride, and the alcohol 
distilled off ; the residue, together with that remaining in the bottle, is 
then mixed with water in order to dissolve the sodium chloride, and 
extracted three times with ether. The ethereal solution is washed 
with water, dried over calcium chloride, the ether distilled off, and the 
residual oil fractionated under diminished pressure (40 mm.) until the 
thermometer rises to 140°. 

The oil which passes over below this temperature consists of a 
mixture of ethylic trimethylenedicarboxylate with unchanged ethylic 
malonate ; the residue in the flask contains ethylic butanetetracar- 
boxylate (and, as we now find, smaller quantities of ethylic butane- 
tricarboxylate and ethylic adipate). 

4B 2 
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The distillate of low boiling point is then fractionated under ordinary 
atmospheric pressure, and, when the object of the preparation is to 
obtain as much ethylic butanetetracarboxylate as possible, the fraction 
180—225° is assumed to contain 50 per cent. of ethylic malonate, and 
used again ; for it is to be noted that the yield of oil boiling above 
140° (40 mm.) when prepared from this recovered distillate containing 
ethylic trimethylenedicarboxylate as well as ethylic malonate, is much 
larger, and, judging from its colour and consistency, much purer, than 
that prepared from pure ethylic malonate. 

It has been shown by Bone and Perkin (Trans., 1895, 67, 108) that 
the cause of the increased yield of the ethylic butanetetracarboxylate 
Jies in the fact that it results from the combination of ethylic malonate 
with the ethylic trimethylenedicarboxylate in the presence of sodium 
ethoxide, the ethylic trimethylenedicarboxylate behaving like the 
ethylic salt of an af-unsaturated acid, thus: 


CH. 
& H,> C(COOE), + CH,(COOEt), = 
B a 


(COOEt),CH: CH, CH,’ CH(COOE}), 


The whole of the crude oil boiling above 140° (40 mm.) is refrac- 
tionated under a pressure of 40 mm. in quantities of about 100 c.c. at 
a time. The oil commences to boil at about 140° (40 mm.) ; the 
thermometer rises gradually to 200°, and more gradually to 230°, 
between which point and 250° the principal portion distils as an 
almost colourless oil, a small quantity of a tarry mass remaining in 
the flask. 

The fraction 230—250° (40 mm.) on refractionation gives a small 
quantity of oil, which boils between 200° and 230° (40 mm.), but the 
chief part distils again at 230—250°, and consists of almost pure 
ethylic butanetetracarboxylate (Perkin, loc. cit.). As we had in our 
preparation a large quantity of crude oil boiling above 140° (40 mm.) 
for fractionation, it was possible for us to obtain a fair quantity of 
the oil of lower boiling point 140—230° (40 mm.). This on refrac- 
tionation (at 40 mm.) yielded a further small quantity of ethylic 
butanetetracarboxylate, but the bulk distilled over between 140° and 
210° (40 mm.). 

This process of refractionation was repeated two or three times 
until the oil was separated into two principal fractions, one, A, 
boiling at 195—210°, and the other, B, at 140—195° (40 mm.). It 
seemed certain that these two fractions contained substances other 
than ethylic trimethylenedicarboxylate (b. p. 208° at ordinary atmo- 
spheric pressure) on the one hand, or ethylic butanetetracarboxylate 
(b. p. 240° at 40 mm.) on the other. 
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(A) Ethylic butanetricarboxylate, (COOEt),CH: CH, CH,* CH,(COOEt). 


A small portion of the first fraction (A), boiling at 195—210° (40 
mm.), was collected at 200—205° (40 mm.), and the colourless oil 
analysed. 

(1) 01793 gave 0°3740 CO, and 0:1293 H,O. C=56:84; H=8:06. 

(2)0°1661 ,, 03461 CO, ,, 0°1208 H,O. C=56°78; H=8'13. 
(COOEt),CH: CH, CH,*CH,(COOEt) requires C = 56°87 ; H=8-09 °/.. 

While we were engaged on this investigation, we learnt from an 
abstract (Abstr., 1897, i, 19) that Montemartini had prepared ethylic 
butanetricarboxylate by treating ethylic y-chlorobutyrate with ethylic 
sodiomalonate, thus : 


(HNa(COOEt), + CICH,* CH,* CH, COOEt = 
(COOEt),CH: CH, CH, CH,: COOEt + NaCl. 


He described it as a colourless liquid boiling at 175—176° under 
18 mm. pressure. 

The oil boiling at 200—205° (40 mm.) appeared, therefore, to be 
ethylic butanetricarboxylate. 

We proceeded to confirm this conclusion by forming the derivatives 
described below. 


Ethylic a-Ethylbutanetricarboxylate, 
(COOEt),CEt-CH,* CH,* CH,(COOEt). 


This was prepared by treating the sodium compound of ethylic 
butanetricarboxylate with ethylic iodide. 

Sodium (0°84 gram) was dissolved in absolute alcohol (12 c.c.), and 
ethylic butanetricarboxylate (10 grams), ethylic iodide (5-7 grams) 
added, and the whole heated on a water bath for 4 hours in a flask 
connected with a reflux condenser. On working up the product in 
the usual way, 7 grams of a yellow oil was obtained, which was 
fractionated under diminished pressure and found to boil at 200—205° 
(32 mm.) ; a small portion boiling at 200—202° (32 mm.) was collected 
as a colourless oil, and analysed. 


0:1424 gave 03091 CO, and 0:1139 H,O. C=59-16; H=8-94. 
(COOEt),CEt-CH,- CH, CH,(COOEt) requires C = 59°53 ; H =8°67 °/, 


It may be observed that one of us has previously shown (Trans., 
1894, 65, 997) that it is not possible to prepare mono-alkyl deriva- 
tives of ethylic butanetetracarboxylate by the action on it of 1 mol. of 
sodium ethoxide and an alkylic haloid, since, instead of a monalkyl 
derivative, a mixture of the dialkyl derivative with unchanged 
ethylic salt is produced, 
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Montemartini (/oc. cit.) also prepared this monalkyl derivative 
of ethylic butanetricarboxylate, by treating ethylic y-chlorobutyrate 
with ethylic ethylsodiomalonate. He described it as boiling at 
205—208° under a pressure of 35 mm. 


a-Lthylbutanetricarboxylie Acid, (COOH),CEt:CH,*CH,*CH,(COOH). 


This acid was obtained by the hydrolysis of ethylic a-ethylbutanetri- 
carboxylate with hydrochloric acid ; the ethylic a-ethylbutanetricar- 
boxylate mixed with excess of concentrated hydrochloric acid after 
being boiled for 10 hours was evaporated to a small bulk on the water 
bath and saturated with hydrochloric acid, when a white, crystalline 
substance was precipitated on vigorous stirring. This was collected 
on a filter, washed with a little concentrated hydrochloric acid, spread 
on a porous tile, and dried in a vacuum over potassium hydroxide. It 
melted at 155—158°, with evolution of carbonic anhydride, and on 
analysis gave the following result : 


01462 gave 0°2649 CO, and 00882 H,O. C=49:38; H=6-74. 
(COOH),CEt’CH,-CH,*UH,(COOH) requires C = 49:50 ; H=6-47 °),, 


Montemartini (/oc. cit.) obtained this acid by hydrolysis with 
alcoholic solution of potassium hydroxide, but described it as an oil. 

The silver salt was prepared by pouring a neutral] aqueous solution 
of the ammonium salt into excess of strong solution of silver nitrate ; 
the white amorphous precipitate, dried over sulphuric acid in a vacuum, 
gave the following results : 

(1) 0°2050 gave on ignition 0°1204 Ag. Ag=58-72. 

(2) 0°1262__,, * 00742 Ag. Ag=58-79. 

(3) 01964 ,, “ 0:1152 Ag. Ag=58°65. 

(4) 0°1730 gave 0:1304 CO, and 0:0379 H,O and 0°1012 Ag. 
C=20°58 ; H=2°45; Ag=58-50. 

C,H,,0,Ag, requires C=19°94; H=2-05; Ag=60-27 per cent. 
C,H,,0,Ag, , C=24:90; H=2:79; Ag=5017 ” 

These analyses seemed to show that this silver salt consisted of a 
mixture of the tribasic and dibasic silver salts of a-ethylbutane- 
tricarboxylic acid ; a mixture containing six parts of the tribasic and 
one part of the dibasic silver salt would have the following percent- 
age composition, C= 20°65; H=2°15; Ag=58:83. 

Such acid silver salts are not unknown, for one of us has shown 
(Trans., 1894, 65, 998) that dicetyl- and dibenzyl-butanetetracarboxylic 
acids give dibasic silver salts. 

0:0246 gram of the acid, when titrated with a standard solution of 
barium hydroxide, using phenolphthalein as the indicator, required 
0:0292 Ba(OH), for neutralisation. 
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0:0246 gram of a-ethylbutanetricarboxylic acid would require 0:0290 
Ba(OH), to form a tribasic barium salt. 


a-Ethyladipic Acid, COOH* CHEt: CH, CH,* CH, COOH. 


This acid was obtained by heating 1 gram of a-ethylbutanetricar- 
boxylic acid in a test-tube, in an oil bath at 170—210°, until evolution 
of carbonic anhydride had ceased; there was little or no charring. 
The product was dissolved in a small quantity of water, saturated with 
hydrochloric acid, and vigorously stirred, when the acid was precipi- 
tated in small, white crystals ; these were collected, washed with a little 
concentrated hydrochloric acid, drained on a porous tile, and dried 
over potassium hydroxide and sulphuric acid ina vacuum. The acid 
melted at 48—50°, and an analysis gave the following result : 


01176 gave 0°2382 CO, and 0:0848 H,O. C=55:20; H=8-06. 
COOH: CHEt: CH,* CH,°CH,*COOH requires C= 55°13; H=8'13 °/.. 


Montemartini (Joc. cit.), who also obtained this a-ethyladipic acid, 
gave the melting point as 46—49°. 


(B.)\—Lthylic Adipate. 


It was stated above that, in fractionating the crude oil boiling 
above 140° (40 mm.), the lower boiling portion was itself separated 
by fractionation at 40 mm. pressure into two fractions, called respec- 
tively A and B. The latter, (B), boiling at 140—195° (40 mm.), 
was fractionated several times under ordinary atmospheric pressure, 
the main portion distilling between 230° and 250°.” In view of what 
has gone before, it seemed probable that this consisted mainly of ethylic 
adipate, the more so as ethylic adipate boils at 245° (ordinary pressure). 
On submitting it to hydrolysis by boiling it with concentrated hydro- 
chloric acid, and evaporating the solution, a white, crystalline sub- 
stance was obtained which, after purification, melted at about 150°, 
and did not evolve carbonic anhydride on raising the temperature, 


Adipic acid melts at 149°. 


Action of Sodium Ethoxide on Ethylic Butanetetracarboxylate. 


The most probable explanation of the formation of ethylic butane- 
tricarboxylate and of ethylic adipate during the preparation of ethylic 
butanetetracarboxylate, as described above, is that it is due to partial 
hydrolysis and elimination of one or two molecules of carbonic anhydride 
under the action of sodium ethoxide, or perhaps of sodium hydroxide, 
since the materials cannot be entirely free from moisture. Again, the 
digestion under pressure is performed in corked bottles which are 
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entirely submerged in water, and it is probable that, with the shrink. 
ing of the cork, a little water enters the bottles and so forms sodium 
hydroxide. In order to test this, 20 grams (1 mol.) of ethylic butane- 
tetracarboxylate (b. p. 240° at 40 mm.) were mixed with sodium 
ethoxide (2 mols.), formed by dissolving 2°65 grams of sodium in 32 
c.c. of absolute alcohol, and heated in a corked soda-water bottle ina 
water bath at 100° for 7 hours. The alcohol was then distilled 
off, water added, and the whole extracted four times with ether ; the 
ethereal solution, after being well washed with water and dried over 
calcium chloride, was evaporated, and the residual dark yellow oil was 
distilled under diminished pressure (40 mm.). It passed over entirely 
between 160° and 215°, a small quantity of charred matter remaining 
in the distilling flask. 

It was thus shown that the product of the action of sodium ethoxide 
on ethylic buta.etetracarboxylate contained none of the original ethylic 
butanetetracarboxylate, but consisted entirely of a mixture of ethylic 
butanetricarboxylate with ethylic adipate. 

We have thus proved that, unless ethylic butanetetracarboxylate is 
carefully fractionated, it will certainly contain a small amount of both 
ethylic butanetricarboxylate and ethylic adipate. We may add that 
the unsuspected presence of these substances had been the cause of 
anomalous results in an investigation which is still in hand. 

It cannot be doubted that a similar action is of frequent occurrence, 
in a greater or lesser degree, whenever substances containing two 
alkylic carboxylic groups are heated in the presence of sodium 
ethoxide. 
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XCVIII.—Studies on Citrazinie Acid. Part V. 


By Wititam James Seti, M.A., F.1.C., and Frepertck WIM . 
Doorson, B.A. 


INTRODUCTION. 


ALTHOUGH its genesis from citric acid by various methods renders it 
probable that the hydroxy) groups in citrazinic acid occupy the aa’ 
position, there is still wanting direct evidence on this point. With the 
view of supplying this evidence, it was determined to prepare a quantity 
of the compound in which the hydroxyl groups are replaced by chlorine, 
with the object, if possible, of replacing the latter by cyanogen of 
methyl, and thus obtaining by the well-known methods one of the 


a ae, ae 
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tricarboxy-acids whose constitution has been established. At the out- 
set of the investigation, however, it was found that such a number of 
interesting products presented themselves that it was deemed advisable 
to publish this part of the work separately, leaving the second portion 
for a further communication. The present paper deals exclusively 
with the interaction of phosphorus pentachloride on citrazinic acid 
together with the properties of the products. To some extent this 
reaction has been studied by Behrmann and Hofmann (Ber., 1884, 17, 
2694) who failed to obtain any definite products without recourse to 
sealed tubes and a very high temperature, when they obtained a com- 
pound in which both hydroxyl groups are replaced by chlorine, together 
with a smal] quantity of an oil which, beyond a chlorine determination 
on what was undoubtedly a mixture, was not further examined. 
Mention is also made in their communication of crystals which 
separated out from this oil, as to the nature of which, as will be shown 
below, they were entirely mistaken. 

Briefly summarised, the chief substances isolated in this investigation 
are :— 


. Chlorhydroxyisonicotinic acid and its derivatives. 
. Dichlorisonicotinic acid and its derivatives. 

. Tetrachlorisonicotinic acid and its derivatives. 

. aBa'f’-Tetrachlorpyridine and its derivatives. 

. Pentachlorpyridine. 

. Pentachlorpicoline. 


1 
2 
3 
4 
5 
6 


EXPERIMENTAL. 


The experimental part may be conveniently considered under the 
following heads :— 
I. The action of phosphorus pentachloride (a) in a reflux apparatus, 


(5) in sealed tubes. 
II. The isolation of the products formed (a) non-volatile in steam, 


(b) volatile in steam. 
III. Description of the above products and their derivatives. 
IV. The conversion of chlorisonicotinic acids into chloro- and amido- 
chloro-pyridine, and description of the latter. 


I.—(a) The Interaction of Citrazinice Acid with a Saturated Solution of 
Phosphorus Pentachloride in Phosphorus Oxychloride in a Reflux 
Apparatus. 

The interaction under these conditions was studied by Behrmann 
and Hofmann (loc. cit.), who state that, after long heating and pouring 
into water, the acid chloride produced was reconverted into the original 


citrazinic acid. 


1070 SELL AND DOOTSON : STUDIES ON 


A repetition of these experiments, using the same proportions of 
materials, and heating for six hours, showed that a certain amount 
of chlorhydroxyisonicotinic acid had been formed, but that the 
greater part of the citrazinic acid had not gone beyond the acid 
chloride, and could be recovered by treatment with water. A further 
repetition in which the heating was kept up for seventy-five hours con- 
tinuously proved, however, that a more deep-seated change had been 
effected, and that, not only had the hydroxyl groups of the acid been re- 
placed by chlorine, but that, to some extent, the hydrogen atoms of the 
original pyridine nucleus had also been replaced, no citrazinic acid 
being left after treatment of the product with water. The method 
pursued in general in this part of the investigation was to heat the 
acid with from 3 to 6 molecules of phosphorus pentachloride and some 
oxychloride to the boiling point of the mixture in a flask provided 
with a reflux condenser. Where a large excess of pentachloride had 
been used, a little amorphous phosphorus was added, and the mixture 
of phosphorus trichloride and oxychloride distilled off. The acid 
chlorides were then poured into cold water and the whole distilled with 
steam, until nothing more was carried over by the steam. The residual 
liquid in the flask was filtered while hot, and on cooling deposited 
brownish crystals consisting of a mixture of acids containing respec- 
tively 1 and 2 atoms of chlorine replacing the hydroxyl groups 
of the citrazinic acid together with a small quantity of a more highly 
chlorinated product since identified as tetrachlorisonicotinic acid. 

The oily or semi-solid product collecting at the bottom of the 
aqueous distillate consisted of ga mixture of the acid chloride of tetra- 
chlorisonicotinic acid and pentachloropicoline. Without quoting the 
actual experiments, it may be stated generally that the yield of more 
highly chlorinated products increased with the proportion of phosphorus 
pentachloride used and the length of time the heating was continued, 
although after 168 hours’ uninterrupted boiling in presence of a large 
excess of phosphorus pentachloride, the amount of dichlorisonicotinic 
acid which had not been further chlorinated reached 40 per cent. of 
the weight of citrazinic acid used. The maximum yield of the latter 
product was obtained when 3 molecules of phosphorus pentachloride 
were employed, and reached 80 per cent. of the weight of acid taken. 

The order of replacement by chlorine appears to be : 

1. The acid chloride is formed. 

2. The hydroxy] groups of the nucleus are replaced. 

3. When the dichlorisonicotinic acid chloride has been thus formed, 
the reaction proceeds in one of two directions ; either the remaining 
hydrogen atoms are attacked, or the second oxygen atom of the car- 
boxyl group is replaced by two chlorine atoms, the proportion in 
which the reaction takes the former direction being by far the greater. 
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(6) Interaction in Sealed Tubes. 


In order to examine the effects of a higher temperature than could 
be obtained in open vessels, recourse was had to heating in sealed 
tubes. The proportions of materials used in this part of the work 
varied from 3 to 6 molecules of the pentachloride to 1 of the acid. 
Without, however, going into minute details, it may be stated that ac- 
cording to the relative weights of pentachloride to acid employed, the pro- 
portion of the products differs to a greater extent than does their nature. 
When 3 molecules to 1 of acid were used, the results differ in some 
important particulars from those described by Behrmann and Hofmann 
(Joc. cit.), who used about these proportions. In their paper, a tempera- 
ture of 250° is recommended for the preparation of the aa’-dichloro- 
derivative. From a large number of experiments, it was found that 
such a high temperature is not only unnecessary, but givesa much less 
satisfactory yield of this substance than when the operation is con- 
ducted at 170°. In the latter case, the yield of the dichloro-derivative 
reaches 80 per cent. of the citrazinic acid taken. In the paper re- 
ferred to above, it is stated that after heating the mixture of acid and 
pentachloride, treating the product with water and distilling with 
steam, crystals separate from the oily distillate consisting of the 
aa’-dichlorisonicotinic acid which has been carried over as the acid 
chloride, and subsequently decomposed by water. The only proof 
cited that these crystals are the dichlorisonicotinic acid seems to rest 
on a melting point determination. The great instability of the acid 
chloride of this substance in presence of water renders this statement 
inexplicable, and frequent repetition of the experiment failed to give 
the least trace of the dichloro-derivative in the steam distillate. That 
crystals not infrequently separate on a slight fall of temperature there 
is no question, but these are the acid chloride of the tetrachloro-deriva- 
tive which, together with a small but variable quantity of pentachloro- 
picoline, constitute the oily liquid. These substances when mixed have 
a remarkably low fusing point, so low, indeed, that a freezing mixture 
is necessary to cause complete solidification. When the proportion of 
phosphorus pentachloride is increased to 5 or 6 molecules for 1 of the 
acid and the temperature maintained at 170° for some hours, the chief 
product is the tetrachlorisonicotinic acid chloride and some penta- 
chloropicoline which distils over with steam, very little of the dichloro- 
derivative being recovered. Experiments in which the temperature 
was pushed up to 250° gave a similar result, except that the proportion 
of pentachloropicoline formed was higher, 
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II.—Jsolation of the Products Formed. 


An attempt was made to isolate the products of the reaction by 
fractional distillation under reduced pressure, but it was found that, 
with the exception of the acid chloride of dichlorisonicotinic acid, which, 
at a pressure of 25 mm. in a gentle current of air, distilled over at 
156—157°, all the products came over between 170° and 180°. It 
was evident, therefore, that much more material than was available 
would be required in order to effect complete separation by this method. 


(a) Products Non-volatile in Steam. 


The contents of the flask, after being distilled in a current of steam 
until nothing further was carried over, were immediately filtered and 
allowed to cool, when a plentiful crop of brownish-yellow crystals was 
deposited, consisting of a mixture of chlorhydroxyisonicotinic, dichlor- 
isonicotinic, and tetrachlorisonicotinic acids. After drying, the crystals 
were exhausted with ether, which readily dissolves the two latter, 
leaving the chlorhydroxyisonicotinic acid behind. The latter was fur- 
ther purified by recrystallisation from boiling water, in which it is 
sparingly soluble. 

The ether was distilled off from the extract, and the two constituents 
separated by taking advantage of the fact that the tetrachlorisonico- 
tinic acid will not give an ethereal salt when treated with alcohol and 
hydrochloric acid in the usual way, whereas the dichlorisonicotinic acid 
gives an almost quantitative yield of its ethylic salts under the same 
conditions. To test the applicability of this method of separation, 
an experiment was carried out using 0°5 gram of the pure tetra- 
chlorisonicotinic acid, when it was found that mere traces of the salt 
had been formed. The resistance to etherification in the diortho-sub- 
stituted aromatic acids was first pointed out in the case of benzoic 
acid by V. Meyer, Giimbel and Sudborough (Ber., 1894, 2'7, 510). The 
application of this principle to the diortho-substituted acids of pyri- 
dine is interesting, and constitutes a further resemblance between 
pyridine and benzenoid compounds. 

Accordingly, the mixture of acids was dissolved in absolute alcohol, 
and saturated with hydrochloric acid gas. After standing some hours, 
the mass was poured into water, and the water shaken with ether. 
The lower layer was then run off, and the ethereal solution washed 
once with water, and then with a solution of sodium carbonate. By 
this means, the tetrachlorisonicotinic acid was removed from the ethe- 
real solution as the sodium salt. The lower layer was removed, heated 
to expel dissolved ether, and acidified with sulphuric acid, when the 
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tetrachlorisonicotinic acid was precipitated. This was recrystallised 
once or twice from water or dilute alcohol. 

In many cases, when the amount of tetrachlorisonicotinic acid in 
the mixture was known to be small, the dichlorisonicotinic acid was 
purified from it by several recrystallisations from boiling water. 


(8B) Products Volatile in Steam. 


The oily distillate consists of the acid chloride of tetrachlorisonivo- 
tinic acid and pentachloropicoline, the amount of each substance vary- 
ing with the conditions of the experiment. Frequently, on standing, 
the whole mass became semi-solid. At other times, a fall in the tem- 
perature of the laboratory resulted in the separation of large crystals, 
whilst occasionally the mass remained liquid until placed in a freezing 
mixture. 

The first crop of crystals which separated out invariably consisted 
of the almost pure acid chloride, which was recrystallised from ether. 
Subsequent crops were contaminated with increasing amounts of penta- 
chloropicoline. 

Several methods of isolation were tried, of which the one yielding 
the most satisfactory results was as follows. 

The oily or semi-solid distillate was digested at about 70—80° with 
excess of aqueous ammonia to which an equal volume of alcohol had 
been added. The greater part of the pentachloropicoline remained 
undissolved, whilst that taken up was deposited as the first crop as 
the solution cooled. Subsequent crops consisted of pure tetrachloriso- 
nicotinamide, from which the acid is conveniently prepared by the 
nitrite method, using sulphuric acid of 70—80 per cent. as the solvent 
(Bouveault’s method, Bull. Soc. Chim., 1892, [iii], 9, 368). 

It was found possible to separate the tetrachlorisonicotinic acid 
chloride from the pentachloropicoline by boiling with water in a flask 
with a reflux condenser, changing the water from time to time, filter- 
ing and evaporating to small bulk, when the acid was obtained. This 
method, however, is not recommended on account of the length of 
time required for complete separation, and the risk of loss from the 
violent bumping to which the mixture is liable after a time. 


III.— Description. 


Chlorhydroxyisonicotinic Acid.—This compound, freed from other 
substances by extraction with ether as described above, and recrys- 
tallised from boiling water, gave the following numbers on analysis : 

I. 0:2225 gave 0°3385 of CO, and 0:0470 H,O. C=41:50 ; H=2'34 °/.. 


II. 01253 ,, 0°1030 AgCl. Cl=20°33 per cent, 
C,H,0,NCI requires C= 41°52; H=2°30; Cl= 20°38 per cent. 
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As prepared in this way, the acid has a brownish colour, which is only 
partially removed by boiling with animal charcoal. The colour can be 
entirely removed, and a very pure product obtained by converting the 
crude acid into the methylic salt, recrystallising, and saponifying with 
soda. It is also obtained in colourless crystals when prepared from 
ethylic dichlorisonicotinate as described below. 

Chlorhydroxyisonicotinic acid is moderately soluble in boiling 
water, from which it separates on cooling in tufts of small needles. 
It is sparingly soluble in cold water, alcohol, and ether ; readily 
soluble in alkalis and alkaline carbonates, from which solutions it is 
reprecipitated on neutralisation. The substance is unacted on by strong 
boiling nitric acid. Its colourless aqueous solution has a strong blue 
fluorescence which is not destroyed by the addition of mineral acids. 
This is a distinction from citrazinic acid, which is not fluorescent, 
although its alkaline salts are remarkably so. When heated, chlor- 
hydroxyisonicotinic acid chars, but does not melt. It effervesces 
freely with alkaline carbonates, and forms two series of salts with 
monad metals. When titrated with normal potash, using litmus as 
indicator, the neutral point is reached when only one equivalent of 
potash has been added; with phenolphthalein as indicator, however, 
two equivalents of potash are necessary to effect a change of colour. 

The diammonium salt loses ammonia when the solution is evapo- 
rated, leaving the monammonium salt. An aqueous solution of the 
latter or of the acid, when added to a solution of silver nitrate, gives 
the monosilver salt as a colloidal precipitate, insoluble in cold, and 
very sparingly soluble in boiling water. The salt when air-dried is 
anhydrous. 

A silver determination on the precipitate gave 38:30 per cent. 
C,H,O,NClAg requires Ag = 38°40 per cent. 

The barium salt may be prepared in a similar way. When recrys- 
tallised from boiling water, it is deposited in needles which contain 
9 molecules of water of recrystallisation. 


0°2172 lost 0°0542 water at 120°; the residue gave 0-0782 BaSO,. 
H,O= 24°95 ; Ba=21°7 per cent. 
(C;H,0,NCl),Ba9H,O requires Ba = 21:27. H,O0=25°15 per cent. 


The copper salt, also prepared in the same way, crystallises in 
beautiful greenish-blue needles easily soluble in water. 

The disilver salt, obtained by adding silver nitrate to a solution of 
the dipotassic salt, closely resembles the monosilver salt. It is un- 
stable, and blackens considerably on drying even at ordinary tem- 
peratures. It is very sparingly soluble in water. 

0°8003 gram acid was exactly neutralised with potash and a measured 
excess of N/10 silver nitrate added, the precipitate filtered off and 
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washed, and the excess of silver nitrate in the filtrate determined by 
a standard solution of sodium chloride. Used 97 cc. N/10AgNO,. 
Calculated 92°3 c.c. 

Dichlorisonicotinic Acid.—This acid has been described by Behrmann 
and Hofmann (loc. cit.). In addition to the work already published, 
the following further facts have been observed. When purified by 
means of the lead salt or ethylic salt, this substance is colourless, and 
volatilises readily without charring, even when quickly heated. 

Conversion of Dichlorisonicotinic Acid into Chlorhydroxyisonicotinic 
Acid.—When evaporated on the water bath with excess of aqueous 
soda, one of the chlorine atoms is replaced by a hydroxyl group, as 
represented by the equation : 


C,H,Cl,N-COOH + 2Na0H = C,H,Cl(OH)N-COONa + NaCl + H,0. 


If the ethylic salt, recrystallised from alcohol, be used instead of 
the acid, and the heating on the water bath continued for 5 or 6 
hours, afterwards redissolving in water and precipitating with dilute 
sulphuric acid, a very pure and colourless product is obtained. A 
chlorine determination made on a specimen of chlorhydroxyisonicotinic 
acid prepared in this way gave the following numbers : 


0°3055 gave 0°2540 grams AgCl. Cl=20°58 per cent. 
C,H,O,NCI requires Cl = 20°38 per cent. 


Conversion of aa'-Dichlorisonicotinic Acid into Citrazinie Acid.— 
Although from the relation of dichlorisonicotinic acid to citrazinic 
acid it seemed probable that the former could be reconverted into the 
latter by fusion with caustic alkali, it was regarded of sufficient 
interest to make the experiment. Accordingly, 2 grams of the dichlor- 
acid were mixed with 12 grams of caustic soda, slightly moistened 
with water, and heated to a temperature of about 170° in a nickel 
crucible for 15 minutes. On cooling, the melt was treated with water, 
and precipitated with dilute sulphuric acid, The substance recrystal- 
lised from water was found to contain no chlorine, and was recognised 
as citrazinic acid by (1) the fluorescence of its alkaline salts, (2) its 
reaction with alkaline nitrite, and (3) a nitrogen determination. 


04040 gave 29-7 c.c. nitrogen at 764 mm.and 7°5°. N=9-04 per cent. 
C,;H,(OH),N*COOH requires N = 9°03 per cent. 


Action of Ammonia on Dichlorisonicotinic Acid.—When dichloriso- 
nicotinic acid was treated with aqueous ammonia in the cold, only the 
ammonium salt was formed, but when heated to 200° in sealed tubes 
with ammonia solution, one of the chlorine atoms was found to have 
been replaced by amidogen according to the equation : ; 


C,H,Cl,N- COOH + 3NH, = C,H, Cl(NH,)N-COONH, + NH,Cl. 


1076 SELL AND DOOTSON: STUDIES ON 


The clear solution, on neutralising with hydrochloric acid, gave a 
copious precipitate, soluble in excess of acid, thus separating the com- 
pound from any unchanged dichlorisonicotinic acid, which is insoluble in 
excess of this reagent. After filtering, the amidochlorisonicotinic 
acid may be reprecipitated by neutralising with ammonia and recrys- 
tallised from water. 

This compound was also obtained by the action of an aqueous solu 
tion of potassium cyanide on the potassium salt of the acid when heated 
in sealed tubes for some hours at 200—210°. Ammonia being formed 
by the decomposition of the cyanide in presence of water, the reaction 
proceeds as above. 


I. 0°1135 gave 15°9 c.c. of nitrogen at 18°and 763 mm. N=16°5°/,, 
IL, 0:2425 ,, 0°2035 AgCl. Cl=20°76 per cent. 
III, 0:0983 ,, 0°1500 CO, and 0-0263 H,O. C=41°61; H=2°93°., 
C,;H,Cl(NH,)N- COOH requires C= 41°76 ; H=2:93 ; Cl=20'58 ; 
N = 16°23 per cent. 


Specimens I and IT were obtained by the direct action of ammonia 
on dichlorisonicotinic acid; III by the action of aqueous potassium 
cyanide. 

This substance crystallises from hot water in yellowish needles, 
which are sparingly soluble in alcohol, water, and acetone. The solu- 
tions have a blue fluorescence which is destroyed by acids. It is 
soluble in all alkalis, alkaline carbonates, and mineral acids, and is 
reprecipitated on neutralisation. It is practically insoluble in ether. 

The silver salt is thrown down as a curdy, nearly white precipitate’ 
when a solution of silver nitrate is added to a solution of the ammo- 
nium salt. It is soluble in boiling water, from which it separates on 
cooling in short, colourless needles. The mercuric salt is a white, 
amorphous precipitate. The ferrous salt separates as a nearly white 
precipitate, soluble on heating, and recrystallising on cooling in in- 
distinct crystals. The bariwm and copper salts are soluble. The 
calcium salt is sparingly soluble, and separates in rosettes of needles. 

The Acid Chloride of Dichlorisonicotinie Acid.—This was obtained 
as mentioned above by distilling the contents of the sealed tubes 
under reduced pressure. A pure specimen, obtained by the action of 
phosphorus pentachloride on recrystallised dichlorisonicotinic acid, 
boiled at 156—157° under a pressure of 25 mm. of mercury. It is a 
colourless, mobile liquid, which reacts energetically with water, forming 
the acid ; with alcohol, forming the ethylic salt, and with ammonia 
solution forming the amide. 

Dichlorisonicotinamide.—This substance was formed with consider- 
able rise of temperature when the acid chloride of dichlorisonicotinic 
acid was gradually poured into strong ammonia solution. It crystal- 
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lises from boiling water in beautiful, colourless needles an inch or more 
in length, which melt at 200° (uncorr.). 


0'1450 gave 17‘8c.c. nitrogen at 17°and 775mm. N=14°7 per cent. 
C;H,Cl,N: CONH, requires N = 14-7 per cent. 


This substance volatilises readily without charring. It is easily 
soluble in alcohol and acetone, sparingly soluble in boiling water and 
in ether, and practically insoluble in cold water and in chloroform. 
It is hydrolysed by boiling 80 per cent. sulphuric acid, but not readily 
by boiling hydrochloric acid. Caustic alkalis cannot be used on 
account of the readiness with which one of the chlorine atoms is 
attacked. 

Ethylic Dichlorisonicotinate.—The ethylic salt is formed with consider- 
able development of heat when the acid chloride is poured into absolute 
alcohol. Itis also readily obtained by saturating an alcoholic solution 
of the acid with hydrochloric acid gas in the usual way. It crystal- 
lises from water and alcohol in long, colourless needles melting at 
65—66° (uncorr.), and is volatile in steam. 


I. 0°1463 gave 0°2360 CO, and 0°0425 H,O. C=44:00; H=3°15 °/.. 
II. 0°3580 ,, 05070 AgCl. Cl=32°3 per cent. 
III. 0°1203 ,, 6:4 cc. nitrogen at 21°5° and 762 mm. N=6'21 °/.. 

C,H,Cl,N: COOC,H, requires C = 43°63 ; H=3°18 ; Cl= 32-27; 
N = 6:37 per cent. 

This salt is easily soluble in ether, acetone, and hot alcohol, slightly 
soluble in cold alcohol, and practically insoluble in cold water. The 
acid cannot be recovered by saponification with caustic alkalis for the 
reason mentioned above in connection with the amide. Boiling with 
sulphuric acid of 50 to 80 per cent., however, is effective. Strong 
hydrochloric acid in open vessels has no action. 

The Acid Chloride of Tetrachlorisonicotinic Acid.—Bince it has been 
shown that the carboxyl group in citrazinic acid undoubtedly occupies 
the (y) position, the structure of this compound must be represented 


by the formula 
COC! 


C 
cio” Noo 
cic\_/cl 

¥ 


Purified by recrystallisation from ether, it is obtained in small, colour- 
less needles melting sharply at 47—48° (uncorr.), is freely soluble in 
benzene, chloroform, and carbon tetrachloride, and separates from the 
latter in large, well-formed crystals. Its vapour attacks the eyes. 
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I. 0°0976 gave 0°2500 AgOl. Cl=63°33 per cent. 
II. 01173 ,, 0:3020 AgCl. Cl=63°64 ___,, 
III. 01315 ,, 5-8 c.c. nitrogen at 21° and 763 mm. N=5-16 °/. 
Theory requires Cl= 63°42 ; N=5:16 per cent. 

The presence of a small quantity of the crude oily distillate in the 
ethereal solution appears to have a remarkably modifying influence on 
the size and shape of the crystals. Occasionally solutions which did not 
contain more than 6 grams of the acid chloride yielded single crystals 
weighing upwards of 3 grams. 

This acid chloride is remarkably stable in the presence of water, 
contact with which in the cold for months produces no effect, whilst 
it is only slowly decomposed by boiling. Aqueous or alcoholic ammonia 
readily converts it into the amide. With alcohol, it reacts slowly in 
the cold, more readily on heating, to form the ethylic salt. 

The following crystallographic constants have been kindly deter- 
mined by Mr. Hutchinson, Demonstrator in Mineralogy :— 


“Crystalline system :—Asymmetric (Holohedral). 
a:6:c=0°8916:1 : 0°9567. 
a= 80° 40’. B=89° 56’. y=61° 24’. 
Forms observed :—a{100}, 6{010}, c{001}, m{110}, g{101}, x{101}, s{121}. 


Table of Angles. 


Angle. Observed. Calculated. 


ae 100:001 *84° 56’ — 
ab 100:010 0 a 
be 010:001 100° 37’ 
aq 100:101 _— 
am 100:110 54 35 
bm 010:110 — 
b’qg 010:101 — 
bs 010:121 45 37 
ce 001:101 53 21 
mq 110:101 67 45 
be 010:101 : 74 29 


“Large, simple crystals can be easily grown from solution in carbon 
tetrachloride, the faces a, m and q are usually well-developed, while 
b, a, d, c are small. 

“ From ether, small crystals were obtained twinned about the normal 
to the face 6, on these crystals the planes a and m were always pro- 
minent and elongated in the direction of the z axis, whilst the crystals 
were terminated by g, c and x. 


“There is a good cleavage parallel to the plane 6.” 
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Tetrachlorisonicotinamide.—If the acid chloride be gently warmed 
with methylated spirit diluted with its own volume of aqueous 
ammonia until a clear solution is formed, on cooling a copious pre- 
cipitate of the amide is obtained, the reaction proceeding according to 
the equation 


cool CONH, 
C 


cic \ccl cic’ \col 


oNH, = 
cc, col ve 3 cic, oo 
ni 


NH,Cl. 

This substance is very soluble in alcohol, ether, and acetone ; moder- 
ately soluble in boiling, and sparingly so in cold water, and fairly 
soluble in benzene. It is most readily recrystallised from hot dilute 
alcohol, in which it is abundantly soluble, separating on cooling 
in beautiful, colourless, rhombic plates, which melt at 235—236° 
(uncorr.). 

It is not acted on by boiling hydrochloric acid, but may be hydrolysed 
by the nitrite method above-mentioned or by heating with a 70 per 
cent. solution of sulphuric acid. 


I. 0°1282 gave 0°2830 AgCl. Cl=54:56 per cent. 
II. 01180 ,, 0°2600 AgCl Cl=54:50 _,, 
III. 0:1275 ,, 11°8c.c. nitrogen at 20°5° and 760 mm. N=10°98°/.. 
C,Cl,N:CO-NH, requires Cl= 54:51 ; N=10°79 per cent. 


Tetrachlorisonicotinic Acid.—This acid, which, as is indicated above, 
must be represented by the formula 


COOH 


cic’ Nocti 
cIe, oo 
x 


is obtained by hydrolysis of the amide, or by the prolonged action of 
boiling water on the acid chloride. It separates from a hot, saturated, 
aqueous or alcoholic solution in minute, colourless crystals which appear 
to be cubes, or a modification of cubes, frequently resembling maltese 
crosses. These crystals melt at 224—225° (uncorr.), and gave the 
following numbers on analysis : 


I, 0°1425 gave 0:1420 CO, and 0:0045 H,O. C=27:27; H=0°38°/.,. 
II. 01368 ,, 0:3007 AgCl. Cl=54°30 per cent. 
C,Cl,N-COOH requires C= 27°65 ; H=0°38; Cl=54-30 per cent, 
4c 2 
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This acid is moderately soluble in hot and but sparingly soluble in 
cold water, readily soluble in alcohol, ether, and hot nitrobenzene, 
From the latter, it separates, on cooling, in star-like crystals. 

In benzene and toluene, it is moderately soluble. Carbon disulphide, 
carbon tetrachloride, and chloroform dissolve it to a slight extent, and 
from the latter it crystallises in rhombs. It is insoluble in ligroin, 
Readily soluble in all alkalis, it is reprecipitated by dilute acids. It 
forms well-defined metallic salts which exhibit the same general 
solubility in water as those of dichlorisonicotinic acid, with the excep- 
tion that the silver salt is much more soluble. This circumstance can 
be made use of in the separation of the two acids. 

If to a solution of the ammonium salt, copper sulphate solution be 
added in the cold, on standing beautiful blue rhombic plates of the 
copper salt separate out which contain 8 molecules of water of crys- 
tallisation, as the following figures show. 


I. 0°3885 gave 0°0450 CuO. Cu=9-19 per cent. 
II. 0°3230 ,, when heated at 120°, 0-0640 H,O. H,O=19°81 °%,, 
(C,Cl,NCOO),Cu + 8H,O requires H,O= 19°97 ; Cu=8-70 per cent. 


If, however, the solutions be mixed at a temperature above 60°, or 
if the cold, saturated solution be boiled, a nearly white precipitate is 
thrown down which is only slowly redissolved by much water. ‘This 
precipitate, collected by the aid of the filter pump, lost, at 120°, an 
amount which approximately corresponds to 2 molecules of water in 
the salt. 

Ethylic Tetrachlorisonicotinate.—The ethylic salt of tetrachlorisonico- 
tinic acid is readily obtained by the action of the acid chloride on alcohol. 
The reaction requires several days for completion in the cold, but on 
warming proceeds rapidly, long, colourless needles separating out when 
the solution is again cooled. A chlorine determination on these 
crystals, which melt at 66°—67° (uncorr.), gave the following numbers: 


0°1130 gave 0°2245 AgCl. Cl=49°11 per cent. 
C,Cl,N: COOC,H, requires Cl = 49-03 per cent. 


This salt is readily soluble in ether and hot alcohol, less soluble in 
cold alcohol, sparingly soluble in boiling, and practically insoluble in 
cold water. It cannot readily be hydrolysed by hydrochloric acid, but 
the ethyl group is eliminated with ease by boiling with 50 per cent. 
sulphuric acid. 

Pentachloro-y-picoline.—This substance separated from the acid 
chloride of tetrachlorisonicotinic acid in the manner described above, 
and recrystallised from dilute alcohol, was obtained in colourless 
crystals resembling urea, which melt sharply at 58° (uncorr.). 
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I. 0°3462 gave 0°9340 AgCl. Cl=66°71 per cent. 
II. 0°3817  ,, 1:0327 AgCl. Cl=66:90 ,, 
IIT. 0°4570 ,, 0:4555CO,and0:0322 H,O. C=27:18; H=0°78°/.. 
IV. 0:2340 ,, 0:2325CO,and0-0165 H,O. C=27:10; H=0°77°/,. 
V. 0:2755 ,, 12°6c.c nitrogen at 19° and 765 mm. N=5°21 °,. 
VI. 0°3750 ,, 17:3c.c. nitrogen at 18° and 765 mm. N=5°35 °/.. 
C,Cl,H,N requires C= 27:16 ; H=0°76 ; Cl=66°75 ; N=5'29 per cent. 
This substance is readily soluble in ether and alcohol, moderately 
soluble in hot dilute alcohol, and insoluble in water. It is not acted 
on by alcoholic ammonia in open vessels. Its constitution is shown 
by the fact that when heated with 80 per cent. sulphuric acid, hydro- 
chloric acid is given off and dichlorisonicotinic acid is formed, the 
reaction proceeding according to the equation 


C,Cl,H,N- CCl, + 2H,0 = C,Cl,H,N- COOH + 3HC1. 


IV.—Conversion of Chlorisonicotinic Acids into Chloropyridines and 
Amidochloropyridines. 


When tetrachlorisonicotinic acid is heated with water in sealed tubes 
to a temperature of about 180°, carbon dioxide is given off and aBa'f’- 
tetrachloropyridine is formed. The same result is obtained by distilling 
the acid with glycerol. If ammonia solution be used instead of water 
in the sealed tubes, the chlorine atoms are also attacked, and amido- 
trichloropyridine’and diamidodichloropyridine are formed, according to 
the temperature reached. If tetrachloropyridine be further subjected 
to the action of phosphorus pentachloride at 300°, pentachloropyridine 
is formed. Dichlorisonicotinic acid treated in the same manner yields 
pentachloropyridine and pentachloropicoline, whilst citrazinic acid under 
the same conditions gives a similar result. 

aBa' B’-Tetrachloropyridine.—When tetrachlorisonicotinic acid was 
heated with water in sealed tubes to 180—200° for several hours, and 
the product distilled in steam, an oil came over which mostly solidified 
in the condenser to a white, crystalline substance. This dissolved 
readily in hot dilute alcohol, from which it separated on cooling in 
small, colourless crystals melting at 90—91° (uncorr.). 

I. 0:1163 gave 0:1180 CO, and 00070 H,O. C=27°66 ; H=0°66 °/.. 

II, 0:1317 ,,  0°3473 AgCl. Cl=65:22 per cent. 
IIT. 0°1105 ,, 6 c.c. nitrogen at 17° and 770 mm. N =6:50 per cent. 
C,Cl,H.N requires C = 27°66 ; H=0°46 ; Cl=65:-44;N=648 ,, 

That the formation of tetrachloropyridine from tetrachlorisonicotinic 

acid proceeds according to the equation 
C,Cl,N-COOH = C,Cl,NH + CO, 


is shown by the following experiment. 
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One gram of tetrachlorisonicotinic acid was heated at 200° in a sealed 
tube with water for 6 hours. The gas given off by warming the tube 
to about 80° was collected and measured, when 72 c.c. was obtained, 
and was shown to be carbon dioxide by passing it into lime water, 
The contents of the tube were then distilled in steam, when 0-7 gram 
of solid passed over. The liquid remaining in the flask, on evaporation 
to dryness, gave 0°1 gram of residue. The solid volatile in steam, re- 
crystallised from dilute alcohol, melted sharply at 90°. The volume 
of carbon dioxide required by theory for 0°7 gram of tetrachloropyridine 
= 72 c.c. 

A similar result is obtained when tetrachlorisonicotinic acid is dis- 
tilled from glycerol, and this constitutes the readiest method for the 
preparation of this substance. 

It is readily soluble in ether, alcohol, benzene, and hot dilute alcohol, 
sparingly soluble in cold, and insoluble in water, dilute alkalis, and 
dilute acids. It does not form a platinum salt, and, indeed, shows no 
basic properties. Its boiling point, taken by Siwoloboff’s method, was 
found to be 250—251° (uncorr.). 

Pentachloropyridine.—This substance was first obtained in the pre- 
sent work by the action of excess of phosphorus pentachloride on di- 
chlorisonicotinic acid in a sealed tube at 300°. The heating was con- 
tinued for 12 hours, the tube being allowed to cool and opened from time 
to time to allow of the escape of hydrogen chloride. Finally, the con- 
tents of the tube were poured into cold water and distilled with steam, 
when the pentachloropyridine came over and solidified in the condenser. 
It was recrystallised from dilute alcohol until the melting point was 
constant at 124° (uncorr.). 


I. 0°2370 gave 02067 CO, and 0°003 H,O. C=23°79; H=0°14 °/,. 
II. 0°3133 ,, 08925 AgCl. Cl=70°50 per cent. 
III. 0:1296 ,, 03700 AgCl. Cl=70°66 - 
IV. 0°2525 ,, 12c.c. nitrogen at 754mm. and 16°. N =5 50 per cent. 
C,CI,N requires C= 23:90 ; Cl=70°51 ; N=5-58 per cent. 


The same product was also obtained by the further action of phos- 
phorus pentachloride on tetrachloropyridine prepared as above. 

In view of these results, it was of interest to try the chlorinating 
effect of phosphorus pentachloride on pyridine and other bases directly. 
Details of this work will more properly find a place in a subsequent 
communication which is in preparation, but in the meantime it may be 
here mentioned that, among other interesting results, a pentachloro- 
pyridine identical with the above was isolated. 

Pentachloropyridine prepared by any of these methods is a colour- 
less, crystalline substance. It is fairly soluble in hot alcohol, from 
which it crystallises, on cooling, in small, rectangular plates which run 


ibe 
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together to form short, thick needles if deposited slowly. It is very 
little soluble in cold alcohol and ether, and practically insoluble in 
water. It'is readily volatile in steam. As might be expected, it 
shows no basic properties. 

Conversion of Tetrachlorisonicotinic Acid into Trichloramidopyridine 
and Dichlorodiamidopyridine.—If tetrachlorisonicotinic acid be heated 
with excess of ammonia solution in sealed tubes to a temperature 
of 150—160° for 1 to 2 hours, carbon dioxide is given off, and one 
chlorine atom is replaced by the amido-group thus : 


C,Cl,N: COOH + 2NH, =C,Cl,(NH,)HN + CO, + NH,CL 
If ammonia sp. gr. 0°880 be used, and the temperature raised to 
200°, a second chlorine atom is replaced by the amido-group, 


C,Cl,N- COOH + 4NH, = C,Cl,(NH,),HN + CO, + 2NH,CL. 


Trichloramidopyridine.—The crystals which separated out on cooling 
the tubes, after heating at 150—160°, were filtered by means of a 
filter-pump, and recrystallised once from alcohol, they then melted at 
158—160°. 

I. 0°1336 gave 0°1500 CO,and 0:0190H,O. C=30°61; H=1°60 °/,. 

II. 0:0904 ,, 0°1990 AgCl. Cl=54-27 per cent. 
III. 071023 ,, 0°2250 AgCl. Cl=54:40 ,, 

C,;Cl,(NH,)HN requires C= 30°47 ; H=1°53 ; Cl=54-00 per cent. 

This substance is readily soluble in hot alcohol, moderately soluble 
in cold, fairly soluble in acetone and hot glacial acetic acid, very little 
soluble in water and dilute acids, and insoluble in dilute alkalis. It is 
moderately soluble in ether, from which it crystallises on evaporation 
in colourless needles an inch or more in length. It does not form a 
platinum salt, and, indeed, shows no basic properties. The position 
occupied by the amido-group has not been determined. 

Dichlorodiamidopyridine.—This compound is the principal product 
of the reaction after heating at 200° for some hours with concentrated 
ammonia, but there is always a small quantity of trichloramidopyri- 
dine present unless the heating has been long continued. The latter 
may be removed by several recrystallisations from alcohol or moderately 
dilute acetone. A specimen of the recrystallised substance melting at 
200° was analysed. 

I. 00975 gave0°1200CO,and0°0237H,O. C=33:'57; H=2°70 °/.. 

II. 0°1370 ,, 0°:2200 AgCl. Cl=39-70 per cent. 
lil, 0°0852 ,, 17c.c. of nitrogen at 21°and 760 mm. N = 23°30percent. 
C,Cl,(NH,),HN requires C = 33-76 ; H = 2°81; Cl= 39°80; N = 23°63 °/, 

This compound is somewhat less soluble in alcohol than the pre- 

ceding one, readily soluble in acetone, slightly in ether, aud sparingly 
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soluble in hot water, from which it crystallises-on cooling in fine, 
colourless needles. It is insoluble in alkalis and only very little 
soluble in dilute acids. If to its solution in alcohol platinum chloride be 
added, the double platinum salt separates out in orange-coloured plates 
which, when air-dried, contain no water of crystallisation. 


0°1366 gave on ignition 0:0340 Pt. Pt=25-02 per cent. 
0-0708 " . 00179 Pt. Pt=25:28 __s,, 
(C;H,Cl,N,).H,PtCl, requires Pt = 25°45 per cent. 


So far, the trichlorinated acid has not been isolated. If formed at 
all, it must bear but a small proportion to the quantity of tetrachloriso- 
nicotinic acid produced, and must be sought for in the residues yet to 
be examined. The whole subject is still under investigation, the results 
of which will be offered to the Society in due course. 

UNIVERSITY CHEMICAL LABORATORY, 


CAMBRIDGE. 
July, 16, 1897. 


XCIX.—The Condensation of Chloral with Resorcinol. 


(Second Communication.) 


By J. T. Hewirr, M.A., D.Se., Ph.D., and Frank G. Port. 


ABOUT a year ago we laid a paper before the Society (Trans., 1896, 69, 
1265) in which we gave the results obtained in studying the condensa- 
tion of chloral hydrate and resorcinol when warmed together in dilute 
aqueous solution in presence of acid sodium sulphate. Our results 
differed from those of H. Causse (Bull. Soc. Chim., 1890, [iii], 3, 861), 
in that, whilst we found that the formula of the substance produced 
was C,,H,,0,, and that this was unchanged even after heating for 8 
hours at a temperature of 190°—200°, yet on warming with acetic 
anhydride, a product was obtained the analysis of which pointed to the 
formula C,,H,O,(C,H,O),, and not C,,H,,0,(C,H,0),, as obtained by 
Causse. We were, therefore, led to consider the condensation as taking 
place in an analogous manner to the ordinary course followed by alde- 
hydes in their reaction with resorcinol or alkylated meta-amidophenols. 


CCI,-CH(OH), + 2C,H,(OH), = HO 


The next step would be the hydrolysis of the trichlormethyl- to a 
carboxyl-group, lactone formation then taking place between this 
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carboxyl-group and one of the orthohydroxyl-groups according to the 


sowie 
Sead 
CO——O 


Such an explanation would agree well, not only with the results ob- 
tained by the combustion of the substance and its acetyl derivative, 
and with the analysis of the barium salt, which one would expect to 
possess the composition Ba(C,,H,,0,), if the substance having the 
formula C,,H,,0,; be a lactone, but would also come into line with the 
many condensations between aldehydes and resorcinol which have been 
studied by other chemists. 

One fact alone is difficult to reconcile with our supposition. The 
salts of the acid C,,H,.0, are probably colourless when pure, but when 
the lactone itself is first dissolved in an alkali, an intense purple 
coloration is produced, very similar to that observed when phenol- 
phthalein is dissolved in an alkali. This strongly coloured solution 
contains a salt of the lactone, since the latter is immediately pre- 
cipitated by the addition of acids. Despite the brilliant colour of the 
alkaline solution, one sees no feasible way in which one can assign to 
the dissolved salt a quinonoid constitution. 

In the course of a conversation concerning this peculiar behaviour, 
Professor von Kostanecki pointed out to one of us that the condensa- 
tion of chloral with resorcinol had already been studied by Michael and 
Comey (Amer. Chem. Jowrn., 1883—1884, 5, 350), who came to the con- 
clusion that the reaction took place according to the following equation : 


C,H,(OH), + 20Cl,-CHO + H,0 = C,H,0, + CCl,-COOH + 3HCl. 


These authors, from the analysis of the acetate and benzoate, con- 
cluded that the compound contained two hydroxyl groups. 

In 1887, Claisen (Annalen, 1887, 237, 263) drew attention to 
Michael’s paper, pointing out that, having regard to the work of von 
Baeyer and his pupils, it seemed strange that one molecule of an alde- 
hyde should react with only one and not with two molecules of resorcinol. 

Shortly afterwards, Michael and J. P. Ryder published a further 
paper on the condensation of aldehydes with phenols( Amer. Chem. Journ., 
1887, 9, 134), in which the reaction between chloral hydrate and orcinol 
when heated together in a reflux apparatus in aqueous solution is de- 
scribed. The authors give the much greater stability of the product 
formed as a reason for the choice of orcinol in place of the lower 
homologue. 

The result of their work was to attribute the formula C,,H,,O, to 
the nearly colourless compound so obtained, whilst the acetyl derivative 


Ae er oper 
OH=H,0+HOC  >—CH— 
OH COOH 96 —hHH ! 
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was formulated as C,,H,,0,,. That is to say, the condensation was 
supposed to take place with elimination of hydrogen chloride, the 
whole six hydroxyl groups of the three orcinol molecules remaining 
intact. Moreover, the -CH(OH) grouping was supposed to remain 
unchanged after the condensation, although on acetylation it was de- 
hydrated to -CHO. 

Without further touching on the orcinol condensation, it may be 
pointed out that if resorcinol and chloral hydrate are supposed to con- 
dense in a similar proportion of three molecules of the former to one of 
the latter, Michael’s own analyses will not agree with the formule of 
the substances obtained. 

Should, however, our explanation of the condensation be correct, the 
substance we obtained must stand in a near relationship to the ortho- 
hydroxydiphenylacetic lactone obtained by Bistrzycki and Flatau (Ber., 
1895, 28, 989, and 1897, 30, 124) by the condensation of mandelic acid 
and phenol in presence of concentrated sulphuric acid according to the 
equation 


gee SS 
_CH(OH)-COOH +\ J =H,0+ = a 
On 


CcO——O 


Professor Bistrzycki has now found that mandelic acid and resorcinol 
similarly condense, giving a pair of isomeric lactones, the one which 


OH 
probably possesses the formula C-ca_O) dissolving in al- 
| 


CO—--O 
kalis with a not very intense orange colour, although itself a colourless 
substance.* This fact, taken in conjunction with the evidence we now 
bring forward, leaves in our minds scarcely any doubt that we have 
ascribed to the substance its correct constitution. 

The condensation of resorcinol and chloral hydrate is not very 
satisfactory as regards yield. The first crop of substance is always 
fairly colourless after washing with cold water with the aid of a filter 
pump, but succeeding quantities are generally darker in colour ; it is 
therefore advisable, when a fair quantity of the substance has been 
formed, to cool the liquid, filter off the substance, wash this with cold 
water, the washings being added to the filtrate, and then to proceed 
with the warming process. Since a certain amount of tarry matter is 
always obtained in the later stages, it is most advisable to carry out 


1 Private communication. I must express my best thanks to Professor Bistrzycki 
for his kindness in sending me a small specimen of the substance in order to see the 
coloured solution in alkali for myself.—J. T. Hewitt. 
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the above precaution, otherwise the whole quantity may be obtained in 


a condition very troublesome to purify. 
In order to settle the question of rational formula, Mr. F, Dixon, B.Sc., 


determined the molecular weight by the lowering of the freezing point 


) de of a solution in phenol. 

y be i Theory for. E Found. 
con- C,H,0, C,,H,,0; C,H) ,9. 

e of 150 258 386 232. 


Michael noted that the lactone, when dissolved in concentrated 
sulphuric acid, acquired a fine blue colour when exposed to the air. 
We find that very little coloration is produced in the cold, even when 
the substance is industriously stirred with strong sulphuric acid on a 
watch-glass. This may be due to the substance not being thoroughly 
wetted, for if the contents of the watch glass be gently warmed, all 
goes into solution with a splendid blue shade which remains after the 
solution has cooled. If the cold concentrated sulphuric acid solution 
be diluted with water, the colour is nearly entirely discharged, a 
feeble, reddish shade, due to limited oxidation, alone remaining. 

Acetyl Derivative-—In our previous paper, we gave a preparation and 
analysis of the acetate ; we now find that it is better not to heat for so 
long a time as we had previously done. A beautiful product is 
obtained by gently boiling one part of the lactone with ten parts of 
acetic anhydride in a reflux apparatus. Whereas the lactone is very far 
from being entirely dissolved by this weight of the anhydride, the acetyl 
derivative is entirely soluble. At the end of one hour, solution being 
by that time completely effected, the mixture is poured into a large 
excess of water and the acetate precipitated in a colourless condition. 

The precipitate soon becomes granular on stirring, and after collect- 
ing and recrystallising from glacial acetic acid, is obtained in glittering, 
rectangular plates. When examined under the microscope ( x 420), 
the substance proved to be perfectly homogeneous. The corrected 
melting point was found at 160°5°; Michael’s acetate melted at 159°. 
The new preparation of the acetate was analysed, the result being in 
good agreement with that previously obtained. 


Theory for C,,H,O,(C,H,O),. C=6250; H=4:17. 


SEE sabcsiechinétorckrnrsekeenes C=62:52; H=4:19. 
Found previously............... C=62:22; H=4°31. 
Michael and Comey’s results. C=61°71, 61°70, 61:20; H=4°32, 
4°67, 4°51. 
It may be added that Michael’s formula for the acetate, 
O,H,0,(C,H;0),, 


requires C= 61:54; H=4-27. 
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The acetate dissolves in concentrated sulphuric acid with a greenish 
shade, the green colour becoming very intense and rather dark on 
warming. On dilution with water, the solution turns brownish-yellow 
and finally yellow; this change is possibly due to partial hydrolysis 
and oxidation. 

When the acetate is moistened with 50 per cent. solution of 
potassium hydroxide, no immediate change is produced ; after a very 
short time, the mixture becomes intensely pink, the colour being 
practically discharged on warming, complete hydrolysis taking place. 

Benzoyl Derivative.—We conducted benzoylation experiments under 
various conditions, such as heating with excess of benzoyl chloride, 
trying the Schotten-Baumann reaction with alkaline solutions, both 
freshly prepared, and, therefore, containing lactone, and boiled, and 
so containing the sodium salt of the acid C,,H,,0,, as well as ben- 
zoylating in pyridine solution. 

The method described by Michael is to be preferred for the purpose 
of preparation, namely, heating the lactone with about five times its 
weight of the acid chloride at 120° until the disengagement of 
hydrogen chloride has ceased. 

The product is then boiled out with water, and repeatedly re- 
crystallised from alcohol. Michael describes the benzoyl compound 
as small crystals having a faintly pinkish tint, and melting at 165°. 
We obtained our crystals with a somewhat yellowish shade; they 
consisted of radiating aggregates of prisms. It seems very probable 
that the substance is, like the acetate, quite colourless when pure; 
the preparation of the substance seems to be attended in any case 
with the production of a certain amount of tarry bye-product rather 
difficult to remove. 

Michael formulated the substance as C,H,O,(C,H,O), ; we prefer 
to regard it as possessing the formula, C,,H,O,(C;H,O),. The 
percentage compositions required by these two formule differ very 
slightly. 


Theory for C;H,0,(C,H,O), ... C=73-74; H=3-91. 
» C,,H,0,(C,H,O), ... C=73°68; H=3°86. 

C= 72°83, 73°11; H=3:99, 4°67. 
Found by Michael and Comey... C=73°62; H=4:47. 


The benzoate dissolves in concentrated sulphuric acid with an indigo 
shade, which becomes a purer blue on warming. 

The same benzoate is obtained by dissolving the lactone in pyridine 
and shaking the solution with benzoyl chloride. The addition of the 
latter warms the solution slightly, and, on adding water, the benzoate 
comes down in a tarry condition. To effect its isolation, hydrochloric 
acid is added in excess to combine with the pyridine and the benzoate 
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extracted with chloroform. By careful addition of petroleum spirit 
to the chloroform solution, a dark-coloured impurity may be fraction- 
ally precipitated, and the liquid, on spontaneous evaporation, then 
gives nearly colourless crystals of the benzoate. 

When a fresh solution of the lactone in caustic soda is agitated with 
benzoyl] chloride, apparently the same benzoate is obtained. We hoped 
to get other results, by dissolving the lactone in alkali, warming so as 
to open the lactone ring, and then agitating with benzoyl chloride. It 
was expected that we should obtain a tetra-benzoylated tetrahydroxy- 
diphenylacetic acid of the formula COOH:CH[C,H,(0-CO-C,H,),],, 
which by oxidation in alkaline solution might be expected to yield 
tetrabenzoyltetrahydroxybenzophenone. The corresponding tetra- 
hydroxybenzophenone should pass over into 3 ; 6-dihydroxyxanthone 
on heating. We were, however, disappointed in this reaction. On 
agitating the alkaline solution with benzoyl chloride, a precipitate was 
immediately obtained, consisting for the most part of the tribenzoylated 
lactone. The lactonisation thus induced by benzoylation may perhaps 
be conditioned by the spacial relationships within the molecule. 

Further evidence of the presence of three hydroxyl groups in the 
molecule C,,H,,0, is afforded by the behaviour of the absolute alcoholic 
solution of the substance with sodium ethylate. On adding the latter 
to the former, a most intense and very beautiful violet-blue coloration 
is produced which is replaced by a red colour as the addition of the 
sodium ethylate is continued. The blue compound is apparently formed 
provided the amount of sodium added does not exceed two atoms per 
molecule of lactone. The red compound contains three atoms of 
sodium. This was proved by adding a considerable excess of sodium 
ethylate toa solution of the lactone in absolute alcohol. The crystalline 
precipitate so obtained was collected with the aid of the filter pump, 
washed first with absolute alcohol and then with ether, and dried on a 
porous tile in a vacuum over sulphuric acid. The analysis gave the 
following result : 


Na= 21°30 
Na = 22:10 


Attempts at replacement of this sodium by ethyl gave very unsatis- 
factory results. 

We previously stated that the solution obtained by boiling the 
lactone with bases contained salts derived from tetrahydroxydiphenyl- 
acetic acid. In support of this statement, we brought forward the 
analysis of the barium salt, to this we may now add the preparation 
and analysis of zinc tetrahydroxydiphenylacetate. 

Zine Salt.—This was prepared by boiling zinc carbonate and the 
lactone with water until evolution of carbon dioxide had entirely 
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ceased. The solution was then filtered and evaporated in a vacuum 
desiccator over concentrated sulphuric acid. The crystals deposited 
were externally darkly coloured from the oxidation which had taken 
place during the evaporation owing to a small quantity of air being 
left in the desiccator. After drying, they were, however, found to 
give a nearly colourless powder, so that the oxidation can only have 
been superficial. After carefully drying to constant weight at 105°, 
zinc was estimated in the salt. 


Zn = 10°57 


As the result of repeating our work, we consider that we have 
definitely settled the composition of the compounds concerned, with 
regard to their constitution scarcely any other formulation appears to 
us very tenable. 


East Lonpon TECHNICAL COLLEGE, 
July, 1897 


C.—On B-Oxycellulose. 
By Bensamin Samuet Butt, M.A., B.Sc., Ph.D., A.I.C. 


8-OXYCELLULOSE is obtained by the action of nitric acid on cellulose 
from various sources, and contains, as its name denotes, a higher per- 
centage of oxygen than the parent substance. It has been studied by 
several workers. Mulder, in 1846, prepared it by digesting different 
kinds of wood, paper, flax, &c., with cold fuming nitric acid during 
several days (J. Pract. Chem., 39,150). He supposed that he had 
obtained pure cellulose; but Tromp de Haas and Tollens have lately 
recalculated his analyses, using modern atomic weights, and find that 
the substance which Mulder isolated was B-oxycellulose (Annalen, 286, 
296). In 1849, Sace * and, shortly afterwards, Porter t oxidised pine- 
wood with nitric acid and obtained a similar substance. In 1883, 
Cross and Bevan, by heating cellulose prepared from cotton, jute, and 
the pith of the Aralia papyrifera with 60 per cent. nitric acid, obtained 
a product to which they assigned the empirical formula C,,H,,0,, 
(Trans., 1883, 43, 22). By digesting this substance with a mixture 
of equal parts of nitric and sulphuric acids, they prepared a tri- 
nitrate. In 1892, Lindsey and Tollens, by heating pinewood sawdust 


* Saecc, Ann. Chem. Phys., [iii], 25, 218, and Erdmann’s J. fiir prakt. Chemie, 


Bd. 46, Heft 7. 
+ Porter, Pharm, Centralblatt., 1849, 777—779, and Annalen, 71, 115—119. 


=—s- —— = a oe 


1091 


BULL: ON §-OXYCELLULOSE. 


with about 60 per cent. nitric acid for 4 hours (Annalen, 267, 366), 
obtained a substance having qualities similar to those of that which 
Mulder, Sace, Porter, and Cross and Bevan had previously described. 
According to the analyses of Lindsey and Tollens, the substance is 
represented by the formula 6C,H,,0,+0, although their analytical 
results agree almost as well with the formula 8C,H,,0,;+0,. The 
analyses made soon after by Flint and Tollens agree better with those 
made by Sace (Annalen, 1892, 2'71, 288). 

According to Tollens, B-oxycellulose does not contain methoxyl, but 

contains an aldehydic group, as is shown by its behaviour towards 
Schiff’s reagent. The latest paper on B-oxycellulose is one by Tromp 
de Haas and Tollens (Annalen, 1895, 286, 296). Comparing the 
various published analyses of the product, they show that, although 
the data of the workers do not agree exactly, still in every case the 
proportion of oxygen present as compared with hydrogen is always 
greater than that in cellulose (8:1). It varies in the analyses from 
8:14:1 to 9°85:1. Tromp de Haas and B. Tollens succeeded in hydro- 
lysing B-oxycellulose and isolated a small quantity of crystallised dex- i 
trose. Comparing f-oxycellulose with the a-oxycellulose of Witz,* f 
Nastjukoff,t and Nélting,t they find that the former yields 20 per cent, 
of cellulose when heated with potassium hydroxide (Lange’s method) 
and the latter 50—60 per cent. The furfural numbers also differ 
greatly, the 8-compound giving 3—34 per cent., the a-compound 12 per 
cent. Whether B-oxycellulose is a mixture of cellulose and an oxy- 
cellulose, as Tromp de Haas and Tollens seem to suggest when they say, 
“In Oxycellulose sind also erhebliche Quantitiaten Cellulose vorhanden, 
welche die Menge Dextrose, welche aus der Oxycellulosen erhalten 
sind, erkliiren konnen,” cannot be settled without investigation ; for it 
is conceivable that, on boiling it with dilute sulphuric acid, or heating 
with potassium hydrate, oxycellulose, even if a definite compound, might 
give rise to cellulose. 

It was to investigate B-oxycellulose from this point of view that 
my experiments were undertaken. It was my intention to isolate, if 
possible, some characteristic derivatives of B-oxycellulose which might 
on decomposition yield either the mother-substance or products the 
investigation of which would help to throw light on the question. A 
benzoate and two nitrates have been obtained, but at this stage I am 
compelled to leave the work unfinished ; still, in the case of a subject 
where the manipulative difficulties are greater than usual, it is perhaps 
not out of place to put on record the results obtained. 


* Bull. Soc. industr. de Rowen, 1882, 416. 
+ Ibid. , 1888, 169 ; ibid., 1892, 483. 
t Ibid., 1892, 493, 
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Preparation of B-Oxycellulose. 


Seventy-five grams of the best cotton-wool and 750 grams of 
60 per cent. nitric acid were heated on a water bath in a stoppered 
retort for 24 hours. The acid which distilled over was replaced every 
6 hours, and at the end of the operation, when the flask had cooled, 
the gelatinous mass, which contained a little fatty matter from the 
cotton-wool, was filtered by means of a large porcelain ‘‘ Nutsch” 
filter, using calico previously hardened with nitric acid (sp. gr. 1°42) 
instead of filter-paper. When the white mass had been pumped fairly 
dry, it was washed once with 60 per cent. nitric acid and was again 
pumped dry, the operation being repeated with 60 per cent. spirit, 
with 90 per cent., and finally with ether. The washing was always 
performed by removing the substance from the filter and rubbing it 
up with the liquid until it formed a paste without lumps. The yield 
was about 35 per cent. of the cotton-wool used. The substance gives 
very little ash, and after being made into a paste with water it dis- 
solves completely, giving a slightly opalescent fluid in aqueous 
solutions of ammonia, pyridine, piperidine, sodium carbonate, and 
weak solutions of sodium and potassium hydroxides. It is insoluble 
in all other solvents. On adding an excess of sodium hydroxide, the 
sodium hydroxide solution becomes gelatinous, and on addition of a 
larger excess of the same agent, it clears and becomes limpid again. 
Acids precipitate B-oxycellulose as a gelatinous mass from all its 
solutions. It appears, therefore, to possess acidic qualities, as has 
already been noticed by previous workers, in fact, its solution in 
ammonia may be boiled without producing the least precipitate. The 
addition of sodium hydroxide to this boiled solution causes an evolu- 
tion of ammonia; whether this is merely due to the presence of 
traces of ammonium nitrate or ammonium oxalate was not determined. 
It is very difficult to free B-oxycellulose from the last traces of acids, 
and the following experiments seem to show that the pure substance 
would give with pure water an opalescent, quite limpid solution. 

A solution of f-oxycellulose in weak sodium hydroxide was pre- 
cipitated with hydrochloric acid, and gave a fairly viscid jelly. This 
was dialysed for two weeks in a bag made of parchmentised paper, 
using distilled water which was frequently changed. At the end of 
this time the contents of the bag had become limpid, remaining 
slightly opalescent. On evaporating a portion, the solid residue 
showed the presence of chlorine, proving that the f-oxycellulose 
retains acids or salts very obstinately. B-Oxycellulose gives a bluish- 
violet coloration with Schulze’s reagent,* and does not reduce boiling 

* Watt’s Dict. Chem., 4, 432. Dry ZnCl, 25 pts.; KI, 8 pts. ; water, 8°5 pts. and 
sufficient iodine to be dissolved on warming for a short time. 


BULL: ON 8-OXYCELLULOSE. 1093 


Fehling solution. Like ordinary cellulose, B-oxycellulose yields a 
xanthate, which is soluble in water and insoluble in alcohol. 

One analysis of B-oxycellulose was made. The preparation was 
purified by dialysing a solution of it in excess of sodium hydrate, 
as it comes down then in a state which permits of it being filtered. 
It was dried at 100°. 


0°2605* gave 0:4004 CO, and 0°1471 H,0. 
03848 =,, + 0°0020 ash. 

Found : C=41'92; H=6:27, and O=51°81 per cent. 
H : Oratio 1 : 8°26. 


Benzoylation of B-Oaxycellulose. 


When a solution of B-oxycellulose in a small quantity of sodium 
hydroxide is shaken up with benzoic chloride, a slimy precipitate is 
formed, probably f-oxycellulose. When, however, the solution of 
B-oxycellulose in an excess of sodium hydroxide is used, an amorphous, 
curdy precipitate of benzoate is obtained. Care must be taken not to 
add too much benzoic chloride ; for, when the excess of soda is par- 
tially neutralised, the cellulose commences to come down. By avoiding 
excess, however, a benzoate is obtained, which, when washed with 
water and dried, is completely soluble in nitrobenzene, but insoluble in 
all other solvents, as far as could be discovered. The yield is small. 
The exact method of working and quantities to be used must be 
found by experience, as the quantities of B-oxycellulose used in these 
experiments were only approximately known, the substance being 
used for convenience in the form of a paste with ether. It is best to 
filter off the benzoate as it is formed after every addition of benzoic 
chloride. So long as the product soluble in nitrobenzene alone is 
formed, it floats on the alkaline liquid ; but, directly the separation 
of cellulose t takes place, a rather slimy precipitate fills the liquid. 
For analysis, the curdy precipitate was washed with warm water and 
dried. It was then warmed with a fairly large quantity of nitroben- 
zene at 100°, and well mixed up with the solvent, with which it slowly 
forms a clear, yellow jelly. This would become quite stiff on cooling ; 
but, by the addition of not too much dehydrated spirit,a solution, which 
remains clear and mobile on cooling, is obtained, and it can therefore 
be filtered through coarse, white calico on a filter plate by means of 
the pump. The clear solution of the benzoate is now poured into a 
fairly large volume of ether, which is kept stirred during the opera- 
tion, and a curd-like mass separates out. This is collected, washed 


* Corrected for ash. 
+ The nature of the separated substance was not determined. It gives a bluish- 


violet coloration with Schulze’s reagent. 
VOL. LXXI. 4D 
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with ether, and finally boiled with dehydrated spirit'so as to entirely 
free it from nitrobenzene. If necessary, the precipitation is repeated. 
The benzoate does not melt, and one has therefore no criterion of its 
purity except the analytical numbers. G. Rebiére’s method of deter- 
mining benzoic acid (J. Pharm. Chim., 1896, 113—116; see also 
Analyst, 21, 103, or Zeit. Anal. Chem., 1897, 248) could not be applied 
to this compound; for, by hydrolysing the benzoate with normal 
sodium hydroxide, the brown coloration produced by the decomposition 
of the oxycellulose prevented the phenolphthalein giving a sharp indi- 
cation. Hydrolysis by means of normal sulphuric acid was then 
tried, but the benzoate resisted the action of the boiling acid for 
10 hours. It is well known that benzoic acid can be distilled with 
steam. According to Noélting, 1 gram passes over in 2 litres of 
water (Roscoe and Schorlemmer, T'reatise of Chemistry, 3, part iv, 156), 
and it therefore did not appear probable that this method would yield 
correct results, still, as no better method could be found, a series of 
experiments were undertaken to test the accuracy of this process. A 
known quantity of the acid was dissolved in sodium hydroxide solu- 
tion, and made up to a definite volume, and a portion of this solution 
was then acidified, using only a slight excess of normal sulphuric acid. 
The acid was then volatilised by means of steam, the operation being 
continued in every case until 50 c.c. of the distillate required only 
zo ¢.c. of approximately N/10 sodium hydroxide solution to produce an 
alkaline reaction, using phenolphthalein as an indicator. It was 
found advantageous to heat the acid liquid during the steaming opera- 
tion, which lasts about 3 hours, until its volume was very small. In 
this way, the benzoic acid could be completely driven over, as the 
following experimental data show : 


(1) 05 gram of benzoic acid gave a distillate which required 41°3 c.c. 
of approximately N/10 sodium hydrate solution (1 ¢.c. = 0:003985 gram 
NaOH) to neutralise it. | Found 100-00 per cent. benzoic acid. 

(2) 0 gram... 41:10cc.... 99°95 ,, 

(3) 0°25 gram ... 20°60 c.c,... 100°20__,, 

(4) 0°25 gram ... 20°60 cc. ... 100°20__,, 


When 0°25 gram of acid is used, the distillate has a volume of 
about 1200 c.c ; with 0°5 gram, about 1500 c.c. 

This method was applied to the analysis of the benzoate derived 
from f-oxycellulose. This was hydrolysed by boiling with a known 
volume of normal sodium hydrate, so that sulphuric acid could be 
added in only slight excess. It was found, by taking this precaution, 
that the steaming could be carried on without danger of the mineral 
acid being spurted over. After the hydrolysis, in cases A and B, the 
separated cellulose (?) was filtered off and washed thoroughly on the filter 
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with warm water, to remove all sodium benzoate. The necessary quan- 
tity of sulphuric acid was then added to the filtrate plus the washings, 
and the mixture was boiled in a reflux apparatus to remove any traces 
of CO,, a precaution that was perhaps unnecessary in most cases. 
The liquid was then steam-distilled, and the distillate tested as described 
in the preliminary experiments. In cases C and D, the cellulose (#) 
formed by the saponification was not filtered ; but the alkaline liquid 
was directly acidified, as it was thought that some loss could result 
by frequent changes of vessels, and during the filtering operation. 
The figures obtained in this way seem to confirm this suspicion. 


A. 0°5225 gram of benzoate gave acid equivalent to 29°7 c.c. of 
approximately N/10 NaOH, which was equivalent to 69°09 per cent. 
benzoic acid on the substance taken. 


B. 0°4667 gram 26°45 c.c. N/10 NaOH. 68°88 per cent. 
C. 03337 ,, 19°20 ce. - 69°93, 
D. 0°4109 ,, 23°50 c.c. ” 6951 - ,, , 


1. In the case of D, the benzoate had been twice dissolved and repre- 
cipitated. The results prove that the benzoate under consideration is 
either pure or a mixture which is not easily separated by the precipi- 
tation method used. On analysis, a portion of the sample of benzoate 
which had been twice precipitated gave the following results : 


0:2223 gave 0°5058 CO, and 0:0977 H,O. 
C=62°05 and H = 4°88 per cent. 


The substance regenerated from the benzoate by the action of soda 
does not seem to possess the same properties as the original B-oxycel- 
lulose, for it no longer swells up with water, nor does it dissolve in 
dilute sodium hydroxide. Further examination of this product was 
left until the substance obtained by the denitration of a nitrate of 
B-oxycellulose had been examined, especially as the benzoate was 
rather difficult to prepare. 


- 


Nitration of B-Oxycellulose. 


About 10 grams of this oxycellulose, after being filtered from the 
spent acids (see preparation of oxycellulose), was washed once with 
strong nitric acid (sp. gr. = 1°42) and digested during 15 hours with a 
mixture of 150 grams of commercial concentrated sulphuric acid and 
150 grams of fuming nitric acid (sp. gr. 1520). No dissolution of the 
nitrate after standing 1 hour was noticed, as in the case of Cross and 
Bevan’s experiment (Trans., 1883, 43, 23), and an experiment showed 
that the acid liquids did not contain any cellulose nitrate after 15 
hours. At the end of this time, the product was poured into a large 
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volume of water, filtered, washed, dried at 100°, and then dissolved in 
acetone, with which it formed a turbid solution, due to the presence of 
lead sulphate in the sulphuric acid used, and as this can only be got 
rid of by allowing the acetone solution to stand for a week, it is 
better to use pure acid, and this was done in the other experiments, 
The clear acetone solution was poured into distilled water, which 
was kept well stirred, the precipitate filtered, washed, dried at 100°, 
and powdered. In this state, it is soluble in cold, concentrated sul- 
phuric acid, alcohol-ether mixture, ethylic acetate, acetone, glacial acetic 
acid, and nitrobenzene, almost entirely soluble in methylic alcohol, 
insoluble in absolute ethylic alcohol. It was analysed, using Lunge’s 
nitrometer, and as a control by Dumas’ combustion method. 


01157 gave 23:2 cc. NO at 743 mm. and 15°5°. N=11°64°, 
01301 ,, 25:7 cc. NO at 743 mm. ,, 155° N=11-47,, 


Average N=11°56 ,, 
0°1690 gave 17°3 c.c. dry nitrogen at 749 mm. and 17°. N=11°91 °, 
0:2287 , 233ecc. ,, » at 749mm. , 17°. N=11°81,, 


Average N =11°86 ,, 

This substance was evidently more highly nitrated than that 
obtained by Cross and Bevan (Trans., 1883, 43, 23). Their compound 
contained only 6°48 per cent. N, ‘and according to these authors was a 
trinitrate of B-oxycellulose. 

By using pure sulphuric acid and allowing the digestion to go on for 
24 hours, a nitrate was obtained which was almost completely in- 
soluble in glacial acetic acid but soluble in acetone, and which was 
more highly nitrated than that first obtained. 


0°1241 gave 25°8 c.c. NO at 756 mm. and 17°. N=12-21 per cent. 


By warming on the water bath with yellow ammonium sulphide 
solution, both nitrates are completely denitrated. The regenerated 
substance is not f-oxycellulose, however, for it no longer swells up 
with water, nor does it dissolve to any great extent in dilute sodium 
hydrate. 

At present, there are not enough analytical data to determine what 
is the formula of the mother substance of the benzoate and nitrates 
investigated. It is evident that both must be submitted to an exhaustive 
fractional precipitation to determine if these compounds are mixtures 
or not, and it is also necessary to thoroughly examine the com- 
pounds regenerated from them. Supposing that the benzoate and the 
first-mentioned nitrate are approximately pure, as they seem to be 
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from their behaviour with solvents, then it is interesting to note that 
the benzoic acid number, namely, 69 —70 obtained from the former, and 
the nitrogen percentage, namely, 11°56—11°86, obtained for the latter 
agree very well with those calculated for the compounds 
C,¢H»,(COOC,H;),0; 

and C,,H,,(NO,),0, respectively, although the combustion of the 
benzoate does not. give numbers which agree so well. 

C,,H_,(COOC,H,),O, requires benzoic acid=68°6 per cent. ; found, 
69—70. It requires C = 65°23; H = 4°78 per cent.; found, C = 60°4—63°4; 
H= 4-9, using samples prepared at different times. 

C,¢H~(NO,),0, requires N= 11°78 per cent.; found, 11°56—11°86. 

The formula C,,H,,0,, is the simplest expression of the analytical 
numbers obtained by Lindsey and Tollens. See page 1091. 

CHEMICAL DEPARTMENT, 


CENTRAL TECHNICAL COLLEGE, 
SoutH KENSINGTON. 


Cl.—On the Action of Sodium Hyponitrite on 


Mercuric Solutions. 


By P. Cuanpra RiAy, D.Sc. (Edin.), Professor of Chemistry, Presidency 
College, Calcutta. 


Ir has been found that, although it is not possible to prepare mercuric 
nitrite in the solid state, a neutral solution of it is easily obtained as 
a product of the dissociation of mercurous nitrite. Such a solution, 
on treatment with a dilute solution of sodium hyponitrite as prepared 
by Zorn and Dunstan and Dymock’s method, which necessarily con- 
tains potassiwm sulphate, was found to yield mercuric hyponitrite.* It 
was thought desirable to study the action of this reagent on mercuric 
nitrate as well, with a view to gain an insight into its constitution. 
The investigation has led to results which seem to be of interest. 


I.—Mercuric Hyponitrites. 


A concentrated solution of mercuric nitrate was first prepared con- 
taining the minimum amount of free nitric acid essential to its 
existence in a state of solution. This object is attained as follows. 
The stock solution of the nitrate, more or less acid, is carefully diluted 
with water, till a flocculent, white precipitate of basic nitrate just 
begins to separate out, and remains suspended in shreds, when the liquid 


* This vol., p. 348. 
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is heated to boiling so as to coagulate the basic salt, which is removed 
by filtration. To the solution thus obtained is now cautiously added a 
solution of sodium hyponitrite, when a light, gelatinous, white precipi- 
tate appears at the top of the liquid, which takes a long time to settle 
down. Great care should be taken at this stage, for if too much of the 
precipitant be added at once, a yellow, powdery deposit begins to 
appear. It is necessary to work with a very large bulk of the nitrate 
solution, in order to get this gelatinous substance in quantity sufficient 
for analysis. It shrinks to a very small amount when it is dried over 
sulphuric acid. In its general properties, the substance resembles the 
hyponitrite previously described. 


Analysis. 
The compound has the formula Hg(NO), + 3HgO + 5H,0. 


Found. 
I, II. 
80°15 80°47 
2°98 —_ 


The presence of water was proved qualitatively by gently heating in 
a bulb tube. The substance is apt to be contaminated more or less 
with the basic mercuric sulphate described below, to avoid the forma- 
tion of which, a concentrated solution of the nitrate must be employed. 

A solution of mercuric chloride was treated with sodium hyponitrite 
solution exactly as above. A gelatinous, white precipitate was thus 
obtained ; when dried, it had a yellowish-white appearance. In the 
present instance, i¢ is immaterial whether a concentrated or dilute solution 
of the chloride is used. This compound corresponds with the formula 


Hg(NO), +3HgO + 3H,0, in fact, it is the same salt as that obtained 
from mercuric nitrite. 


Found. 

82-90 

3°13 
Il.—Trimercuric Sulphate and its new Modifications. 


a 


When the filtrate from the gelatinous precipitate obtained from the 
concentrated solution of mercurie nitrate is diluted ad lib., a yellow, 
impalpable powder comes down almost immediately, the amount of 
dilution necessary depending on the strength of the filtrate. When 
the mercuric nitrate solution is very largely diluted to begin with, 
and the basic nitrate precipitate got rid of as before, and then treated 
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with the precipitant, the yellow powder is at once obtained without 
the gelatinous hyponitrite. 
p 


If the filtrate from the gelatinous precipitate, instead of being 
diluted, be allowed to stand overnight, a crystalline form of the 
yellow compound is obtained, which is sometimes of a bright orange 
colour, and sometimes orange with a brownish tint. The mother 
liquor from this orange variety of the basic sulphate, when largely 
diluted with water, yields, as before, the yellow powder. One should 
practise on a small scale in order to acquire the necessary experience 
for obtaining these modifications. 

Y 

When the dilute filtrate from the yellow powder (a) is boiled in a 
flask for some time, it may be for an hour or two, and thus slowly 
concentrated, crystalline, bright yellow scales, and sometimes a scaly 
powder, are gradually deposited at the bottom. 


The yellow powder (a), the formation of which has been described 
above, is the well-known trimercuric sulphate or mineral turpeth. 
Kane gives to it the formula HgSO,,2Hg0O, and his analysis bears this 
out. The present investigation would, however, go to show that this 
is really a hydrated salt having the formula HgSO,,2Hg0O,}H,0. It 
is probable that the amount of water being so small (1:22 per cent.) has 
hitherto escaped notice. In fact, the analyses of R. Phillips and of 
Braamcamp and others conform to the latter formula.* The orange 
and the bright yellow, crystalline modifications, I do not find described 
anywhere. 

The a and the B forms are both hydrated and have the same formula , 
namely, that given above ; whilst the really anhydrous salt can only 
be obtained by the method of preparation given under y. 

All these compounds dissolve in dilute nitric and hydrochloric acids, 
and more readily on warming; the solution in the latter acid has 
a faintly opalescent appearance, due to the presence of traces of 
calomel. When dried at 100°, the hydrated varieties a and B do not 
lose water or change in colour. When heated to a higher tempera. 
ture, the yellow powder (a) gives up water and assumes an orange to 
brown coloration ; but it reverts to the original colour on cooling. 
The orange and the orange-brown grano-crystalline variety (8) loses 
water under similar conditions and falls to a yellow powder. When 
heated to about 400°, these basic sulphates behave in a remarkable 
way ; it is true that they begin to decompose long before this tempera- 
ture is reached, but at about this temperature they are converted into 


* Vide Gmelin’s Hand Book, 6, p. 29. 
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mercuric sulphate, having given up the oxide of mercury as metallic 
mercury and oxygen; the mercuric sulphate then fuses to a brown 
liquid and volatilises as mercurous sulphate, oxygen and sulphur 
dioxide being at the same time liberated. The decomposition can be 
reyresented by the following equation: 2{/HgSO,,2HgO]=Hg,SO, + 
4Hg +30, +80, 

Method of Analysis.—The mercury was estimated as sulphide in the 
usual way. The water in the yellow variety (a) was determined by 
heating in a tube in a current of dry carbonic anhydride. In the 
cooler parts of the tube near which the calcium chloride tube was 
attached, there was interposed a layer of gold leaf, so as to arrest 
vapours of mercury which might otherwise enter into the CaCl, 
U-tube. The yellow powder was dried at 100°, then powdered again, 
so as to break up the small lumps, and again transferred to the steam 
chamber. When the weight of the substance was constant, it was 
kept in a desiccator over sulphuric acid. The possibility of the 
presence of mechanically held or absorbed wa'.r was thus guarded 
against. 


a and B. 


Calc. for Found. 
ee ee Se ee Se i ee ee ee 
Hg wee.sseeeons 81°41 80°76 80°72 81°28 81-26 80°72 80°55 81-26 80°67 81°13 80°85 81-13 81-47 
SOg  ......008 13°02 13°48 
HgO .. ioe 1°22 116 1°25 

Theory for the anhydrous salt requires Hg=82°42. It may be 
added here that the analyses given above are of different prepara- 
tions, with the exception of 3 and 4, which belong to one and the 
same preparation. It will be found that the percentage of mercury 
generally comes out too low. The reason of this is that, in these 
preparations, minute portions of mercuric nitrate and the alkali sul- 
phate are invariably carried down during the precipitation, and 
cannot be got rid of even by repeated washing. In a few cases, the 
nitrogen and the alkaline sulphate contained in the filtrate were 
determined. Thus, in 9, the percentage of potassium sulphate 
amounted to 0°73, whilst, in 10, it rose so high as 1:33. The nitrogen 
generally came up to 0°25 to 0°75 per cent. 

It is well known that whenever oxide of mercury is prepared by 
treating mercuric nitrate with caustic alkali, it is never chemically 
pure, the impurities being mercuric nitrate and alkali.* Haackt has 
described the preparation of mercuric arsenate by double decomposi- 
tion of mercuric nitrate and sodium arsenate. He found that the 
compound thus obtained was always contaminated with mercuric 
nitrate and sodium nitrate. 


* Vide Encycl. de Chimie (Fremy), 3, cahier 14, p. 154. 
+ Annalen, 1896, 292, 184. 
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~ The modification y is the anhydrous salt. When it was heated in a 
dry bulb tube, not a trace of moisture was noticed in the cooler parts. 


Calc. for 
HgS0O,,2HgO. 


eeeecerceseceseseee BOF LY cemesesereseeeeeee 


The action of heat on trimercuric sulphate, as described above (see 
p. 1099), was studied in the following way. 

The compound was placed in a porcelain boat and heated in a 
combustion tube 65 cm. long, in a current of carbonic anhydride. As 
the decomposition of the oxide of mercury is a case of dissociation, 
there is a tendency for the components to recombine in the cooler 
parts of the tube. This was prevented by the current of the inert 
gas, which swept out the oxygen into the collecting tube, filled with 
mercury and strong potash lye, the moment it was set free (see 
Deville, Compt. rend., 1863, 56, 729). A Hofmann’s furnace was 
used, and the progress of decomposition could be watched from time 
to time. The behaviour referred to above of the mass of the substance 
fusing and swelling up immediately before complete volatilisation was 
noticed in every case. The white sublimate of mercurous sulphate 
was deposited near the heated portion of the tube, and the mirror of 
mercury away from it. 

The decomposition was quantitatively established as follows. The 
white sublimate of mercurous sulphate, together with the mirror of 
mercury, was treated with dilute nitric acid and shaken. The mix- 
ture was then transferred to a beaker ; the liquid, holding in solu- 
tion mercurous sulphate, was decanted off from the metallic mercury, 
and the latter warmed with hydrochloric acid to make the small 
globules coagulate into a single one. The mercurous sulphate solu- 
tion was treated with sodium chloride, and the calomel weighed in the 
usual way, The sulphuric acid in the filtrate was also estimated. If 
the salt decomposes according to the equation, 

2[HgSO,,2Hg0,4H,O] = Hg.SO, + 4Hg + 30, + SO, + H,0, 
we should expect that the free mercury would amount to double the 


quantity obtained from calomel, and that the sulphuric acid radicle 
(SO,), as well as oxygen, would amount to half of what is contained in 


the original salt. 


Found. 
Calc. 1 2 3 
Hg (metallic) See 54°28 54:00 55°42 52°92 
Hg (in calomel)... 27°14 25°90 25°80 27°36 
a i eeesAe sti 6°51 6°58 6°57 = 


6°50 6°60 
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Tn (1) and (2), the weight of salt taken for analysis amounted to 
0'3226 gram and 0°332 gram respectively ; but, in (3), the weight was 
1:969 gram. The filtrate from the calomel was tested with sul- 
phuretted hydrogen, which imparted only a brown coloration to the 
liquid, but no weighable precipitate was obtained. The result of 
analysis is not very satisfactory ; but the method itself does not 
admit of a high degree of accuracy. 

As a check upon the method of estimation of oxygen, pure oxide of 
mercury was avalysed. The result is given below: 


It was thought desirable to prepare trimercuric sulphate by the 
ordinary method, namely, by the action of sodium sulphate on a hot 
solution of mercuric nitrate. The lemon-yellow powder thus obtained 
was washed and dried with the care described above. The result 
of analysis is given below. The water was kindly estimated by 
the direct method by Mr. C. Bhaduri, B.A., Demonstrator, Chemical 
Laboratory. 


Cale. for Found. 
HgSO,,2Hg0,4H,0. 1 2 3 
81°47 81°64 81°36 
13°78 _- — 
1:21 — — 


As was to be expected, a much purer product was obtained in this 
case. The analyses recorded above are of three different prepara- 
tions. 

When trimercuric sulphate is gradually heated, it undergoes decom- 
position, as pointed out above. When the brown liquid, before it is 
completely volatilised, is allowed to coolquickly,a white, porous, vitreous 
mass of mercuric sulphate is obtained. "When this compound is heated, 
it gradually decomposes, then fuses, and is completely volatilised ; 
the products being metallic mercury, mercurous sulphate, oxygen, and 
sulphur dioxide. The description in Roscoe and Schorlemmer’s treatise 
is thus fully borne out by my own experiments. No sublimate of 
mercuric sulphate is, however, obtained, as stated by Mohr (Gmelin, 6, 
p. 29). In one case, 0°331 gram HgSO, yielded 6 milligrams of HgS 
in the filtrate from calomel, when the solution of the sublimate 
of mercurous sulphate was treated with sodium chloride. It is, how: 
ever, possible that, when the mercurous sulphate was warmed with 


may 
sodiut 
soluti 
phate 
It 
gen 
gene 
tend 
latte 


take 


sodi 
mer 
hov 
soli 
cip 
tio: 
’ 
Sh 


an 


1103 


HYPONITRITE ON MERCURIC SOLUTIONS. 


dilute nitric acid to get it into solution, a small portion of it under- 
went oxidation. 

The decomposition goes on in two directions. 

Thus : 2HgSO, = Hg.SO,+80,4+0,  ....ecseeveeee (1) 

HgSO, = Hg +BO, +0.  ccececeececeeee (2) 

By far the larger proportion of the salt decomposes according to 
equation (1); a small portion only, sometimes less than one-fifth of 
the total quantity, breaks up according to (2). 


IIl.—Constitution of Mercurie Salis. 


A solution of mercuric nitrite or chloride, however highly diluted tt 
may be, always yields mercuric hyponitrite, when acted upon by 
sodium hyponitrite solution in presence of potassium sulphate ; but a 
solution of the nitrate under similar conditions gives trimercuric sul- 
phate. 

It appears that in mercuric nitrite, as in mercurous nitrite, the nitro- 
gen is directly attached to the metal, whereas in the nitrate as is 
generally accepted, it is united to oxygen. In the former, there is no 
tendency for the NO, group to detach itself from the metal, but in the 
latter, on dilution and in presence of the alkali sulphate, the scission 


takes place as indicated by the dotted line: Hg—O——NO,. The 


sodium hyponitrite seems to take no direct part in the reaction unless the 
mercuric nitrate solution be sufficiently concentrated. In one respect, 
however, the alkali hyponitrite plays a conspicuous part, in that by its 
solvent action on the basic mercuric sulphate it retards immediate pre- 
cipitation and thus favours the formation of its crystalline modifica- 
tions. 

The researches of Professor Divers and of his pupils Haga and 
Shimidzu have thrown much light on the constitution of silver nitrite 
and of mercuric sulphites.* The “non-oxylic or haloid” character of 
these salts forms the “central conception in their chemistry.” Mer- 
curic nitrite also has a haloid constitution. It is well-known, although 
sufficient recognition of the fact is not generally to be met with in the 
text-books, that the halogen compounds of mercury are with difficulty 
acted on by sulphuric acid. The nitrite of mercury also resists the 
action of the sulphate. This haloid constitution of the nitrites is the 
“central conception” in the chemistry of the compounds which form 
the subject of the present investigation. t 

* Trans., 1883, 43, 448 ; ibid., 1885, 47, 231; ibid., 1886, 49, 538. 

t Cf. ‘*Bemerkenswerth fiir alle Halogenverbindungen des Quecksilbers ist ihre 
grosse Widerstand sfahigkeit gegen conc. Schwefelsiiure. Selbst in der Hitze wird 
durch diese das Halogen nur:langsam ausgetrieben.” Richter: Lehrbuch der Anorg. 
Chem., ed. 1895, p. 384. 
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A few pertinent remarks might be made here as regards the consti- 
tution of silver and mercury hyponitrites. Both these salts dissolve 
as such in dilute nitric acid, and are reprecipitated on the addition of an 
alkali. It has also been found that mercuric hyponitrite does not 
readily dissolve in dilute nitric acid, and is with still greater difficulty 
soluble even in boiling strong nitric acid. On neutralising the solu- 
tion with alkalis, a voluminous, flocculent precipitate of the hyponitrite 
is thrown down. The behaviour of hydrochloric acid towards mercuric 
hyponitrite is also interesting. This acid in the dilute state, and even 
in the cold, readily dissolves the salt, which is reprecipitated on neutrali- 
sation with an alkali. Thus, mercuric chloride is not formed in solu- 
tion. In other words, the affinity of mercury for the radicle of hyponi- 
trous acid (whatever its constitution may be) is greater than that for 
the halogen. All the well-known reactions of silver hyponitrite, as 
well as the several methods of formation of the hyponitrites, seem to 
point to a “diazo” constitution of hyponitrous acid, HO—N,—OH; 
it is, however, possible that, in certain cases, this acid and its salts, 
especially those of silver and mercury, exist in tautomeric modifica- 
tions. Thus: 

. ‘ O:N-H* 

H-N:0. 


This imidic constitution would have the metal directly bound to 
nitrogen. The comparative stability of the mercury hyponitrites in 
the heat does not seem to be in accord with their diazo structure. 

It has been shown above that the concentrated solution of mercuric 
nitrate under favourable conditions, when treated with sodium hypo- 
nitrite and potassium sulphate, gives rise to mercuric hyponitrite in 
preference to trimercuric sulphate. In other words, mercury exchanges 
its place in the nitrate, which is an oxylic salt, for that of the hyponi- 
trite, in which it is directly attached to nitrogen. It is only when the 
nitrate solution is used in a dilute form that other forces come into the 
field of action, and a basic sulphate is the result. 

In a subsequent communication, entitled “The Interaction of the 
Alkaline Hyponitrites with Salts of the Zinc-Copper Group,” the 
author hopes to develop this theory further. 


* Hantzsch: Zur Isomerie der Verbindungen N,O,H;. Annalen, 1896, 202, 
340. 
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CIl._—On a New Method of Preparing Mercurie 
Hyponitrite. 


By P. Cuanpra Rady, D.Sc. (Edin.), Professor of Chemistry, 
Presidency College, Calcutta. 


THE most general method which has hitherto been made use of for the 
preparation of the hyponitrites, has consisted in the reduction of the 
nitrites of the alkali metals or metals of the alkaline earths by means 
of sodium amalgam or ferrous hydrate. Sometimes, as in the case of 
silver and mercury hyponitrites, they have been obtained by double 
decomposition between salts of these metals and an alkali hyponitrite.* 

Recently an attempt was made to prepare mercurous cyanide by the 
action of potassium cyanide on a solution of mercuric nitrite. Although 
the expected compound was not obtained, the reaction gave rise to the 
formation of mercuric hyponitrite. 


Method of Preparation. 


A neutral solution, containing both mercurous and mercuric nitrite,t 
is treated with the exact quantity of sodium chloride to remove mer- 
curous mercury ; care should be taken that no excess of the chloride 
be present, as in that case a small amount of calomel is formed by the 
reducing action of potassium cyanide, to be presently described. To 
the filtrate, containing mercuric nitrite, is then added a concentrated 
solution of potassium cyanide; instead of adding thé cyanide in solution, 
it may be added in successive instalments in the powdered state and 
gently agitated till it is dissolved. In the course of a few minutes, 
the liquid becomes turbid, and after an interval of 2 to 3 hours, a curdy, 
white precipitate of mercuric hyponitrite is formed. Sometimes the 
liquid assumes only a milky appearance, and it is necessary to allow it 
to stand overnight ; the hyponitrite obtained in this manner is a thin, 
compact deposit on the bottom and the sides of the vessel, resembling 
in colour silver bromide. If a large excess of the cyanide be added all 
at once, the solution assumes a darkish tint and no hyponitrite is 
formed. The substance is washed with water and dried over sulphuric 
acid in the dark. The mother liquor, when treated once more as above 
with potassium cyanide, yields a fresh quantity of the hyponitrite. As 
described in a previous paper, this salt is with difficulty soluble even in 
boiling dilute or strong nitric acid, but it readily dissolves to a clear 


* Maumené, Compt. rend., 1870, 70, 140; Divers, Proc. Roy. Soc., 1871, 19, 
425 ; Zorn, Ber., 1877, 10, 1306 ; Berthelot and Ogier, Compt. rend., 1883, 96, 84 ; 
Magquenne, Compt. rend., 1889, 108, 1303 ; also this vol., p. 348. 

+ This vol., p. 348. 
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liquid on being warmed with dilute hydrochloric acid. On neutralising 
the solution in the acids with an alkali, the salt is thrown down asa 
voluminous precipitate like aluminium hydrate. 

No gases are evolved during the formation of the hyponitrite, and 
the reaction evidently takes place according to the equation 

Hg(NO,), + 2KCN = Hg(NO), + 2KCNO. 
The salt accords well with the formula 
3Hg(NO), + 5HgO + 5H,0, or 3Hg(NO), + 5Hg(OH).. 
Cale. Found. 
1 


82°05 82°56 _ 
4°24 4°46 


The water is given off when the salt is gently heated in a bulb tube. 
It is worthy of note that the mercuric hyponitrites hitherto obtained 
are all of them basic and hydrated. 


CIIl.—A New Synthesis of Phloroglucinol. 


By Davip Smites JeRpDAN, B.Sc. 


RECENT researches in the terpene series, and especially investigations 
into the nature of camphor, have led to the development of various 
formule to represent the constitution of the latter. Especially pro- 
minent within the last few years have been the formule proposed by 
Tiemann and others, in which camphor is represented as containing two 
variously substituted pentamethylene rings, which have three carbon 
atoms incommon. The proposed formule may also be described as con- 
sisting of a substituted hexamethylene ring in which two carbon atoms 
in the para position are united by single bonds to a seventh carbon 
atom in the following way :— 


C. 
oe 
mA |< 

| 


At the suggestion of the late Professor Victor Meyer, the author 


made ¥ 
of ana 
was no 
glucine 
to the 
series. 


JERDAN: A NEW SYNTHESIS OF PHLOROGLUCINOL. 1107 


made various experiments with a view to the synthesis of a substance 
of analogous constitution. Although, unfortunately, the end in view 
was not attained, the experiments resulted in a new synthesis of phloro- 
glucinol from ethylic acetonedicarboxylate, and thus added another 
to the many known methods of passing from the fatty to the aromatic 
series. Phloroglucinol itself has already been prepared synthetically 
from another member of the fatty series by Baeyer (Ber., 1885, 18, 
3457) who, by heating the monosodium derivative of ethylic malonate, 
obtained the ethylic salt of phloroglucinoltricarboxylic acid. The 
ethereal salt, when melted with potash, yielded phloroglucinol. 

An attempt to condense ethylic acetonedicarboxylate in benzene solu- 
tion with ethylene chlorhydrin or ethylene dibromide by means of 
finely-divided sodium, yielded a solid, well-defined substance, which 
analysis showed to possess the composition C,,H,,0O;. Its empirical 
formula and properties seemed at first so inexplicable that it was re- 
solved to examine into its constitution, and only after this had been 
determined did it become clear that the new substance must result 
from the action of sodium on ethylic acetonedicarboxylate alone. 
Experiment fully bore out this conclusion, The new substance may 
be easily prepared in quantity by this reaction, as will be described in 
detail later. 

The results of the following experiments made the mode of forma- 
tion of the new substance, and its constitution, clear. 

(1) Since the substance C,,H,,0, showed an acid reaction, and 
liberated carbon dioxide from alkaline carbonates, an attempt was 
made to obtain an ethereal salt according to Fischer’s method, namely, 
by boiling it with methylic alcohol containing 3 per cent. of hydrogen 
chloride. This reaction yielded a substance which, on analysis, proved 
to have the composition C,,H,,0,, being formed from the original 
substance by addition of a molecule of methylic alcohol. The substance 
C,,H,,O, must therefore contain the lactone group 


>C—O—CO— 
which on etherification would act in accordance with the equation 
>C—O—CO— + ROH = >C—OH + —COOR. 


In what follows, therefore, the substance C,,H,,0, will be referred to 
as ‘the lactone.” 

In order to confirm the above result, an exactly parallel experiment 
was made with ethylic alcohol, and an exactly analogous substance 
was obtained, having the composition C,,H,,O,, and resulting from 
the addition of a molecule of alcohol to the lactone. 

(2) When a chloroform solution of the lactone was treated with a 
chloroform solution of bromine, substitution at once took place, and a 
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new substance was formed in which two atoms of hydrogen were 
replaced by two of bromine. 

(3) When an acetic acid solution of the lactone was mixed with an 
acetic acid solution of phenylhydrazine, a hydrazone crystallised out C,H 
which, on analysis, proved to contain one hydrazine residue. 

(4) When the lactone was hydrolysed by being boiled with barium 
hydrate solution, four products were obtained which finally explained 
its constitution. In the first place, it was shown that barium carbonate 
was formed in the hydrolysis, and a quantitative determination showed 
that one molecule of lactone gave one molecule of carbon dioxide. 

Further, after a quantity of the lactone had been boiled with excess 
of baryta water for some hours, a quantity of liquid was distilled off, 
which, after repeated fractionation, yielded a liquid boiling at 78°, 
and possessing all the properties of ethylic alcohol. 

The precipitate formed during the hydrolysis, after being decom- 
posed by hydrochloric acid, yielded a solid, crystalline acid which 


melted at 131:5°, and gave, on further heating, acetic acid and carbon The 
dioxide. The acid possessed the composition C,H,O,, and was in whicl 
every respect identical with malonic acid. Th 
The filtrate from the precipitate, after removal of the greater portion C,H 
of the barium, was made just acid, and extracted with ether. The possi 
ethereal solution, on evaporation, yielded a substance which crystallised Tk 
well from water and possessed the composition C,H,,O0,;. It was found the : 
to contain two molecules of water of crystallisation, which it gave off azon 
at 105°. The dry substance, which analysis showed to have the com- the « 
position C,H,O,, melted about 210°, coloured a piece of pine wood grou 
moistened with hydrochloric acid cherry-red, and in short possessed the of c: 
composition and properties of phloroglucinol, the (1:3:5) symmetrical lact« 
trihydroxybenzene. first 
The following equations may be suggested as probably representing acid 
the formation of the lactone C,,H,,0, from ethylic acetonedicarboxyl- 
ate by the action of sodium. Two molecules of the ethereal salt 
react with three atoms of sodium, thus— C 
2C,,H,,0,; + 3Na =C,,H,,0, + 3NaOC,H, + 3H. 


Graphically, the reaction is best represented by supposing a mono- 
sodium derivative of the ethereal salt to react with a disodium deriva- 
tive, with elimination of three molecules of sodium ethylate :— 


1109 


) aaa ** 


The immediate product of the reaction is, of course, a sodium salt, 
which, on addition of sulphuric acid, yields the lactone. 

This formula explains most of the reactions shown by the substance 
C,,H,,0,, the chief uncertainty lying in the satisfactory disposal of the 
possible “ ketonic” and “enolic” forms. 

The presence of a lactone group accounts for the anomaly noticed in 
the attempt to prepare an ethereal salt. The formation of a hydr- 
azone containing only one hydrazine residue may be accounted for by 
the oxygen atom which binds together the carbon atoms of the lactone 
group being replaced by the residue ‘-N*-NHO,H,. The production 
of carbon dioxide, alcohol, malonic acid, and phloroglucinol from the 
lactone by hydrolysis may be represented as follows. The lactone 
first takes up a molecule of water with formation of the corresponding 


acid. 
C-OH 
C,H, 000-CH:¢_—_—_o7 Now . 
OH: C-OH — 
\Y 
4 
O———Co 
H——__—_-O 
C-OH 
C,H 00C-CH:0(0H)-—7 \cu 
OH: C-OH 
\Z 
OH 
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The acid thus formed gives up carbon dioxide in presence of barium 
hydrate, and passes in all probability into the following “ ketonic” 
form— 
C-OH 
C,H,-000-CH,: 00-07 \cH 


I 
OH:C. C-OH 
\Z 


CH 


which will again react with two molecules of water, giving alcohol, 
malonic acid, and phloroglucinol, thus :— 


C,H,-OH +HOOC:CH,:COOH + 


The fact that both malonic acid and phloroglucinol are very readily 
acted on by bromine explains the fact that the two available hydrogen 
atoms in the lactone are so easily replaced. 


EXPERIMENTAL. 
Preparation of the Lactone C,,H,,0,. 


Twenty grams of pure distilled ethylic acetonedicarboxylate (2 mols.) 
are dissolved in 100 grams of dry benzene, and 3°5 grams (3 atoms) of 
finely-divided sodium are then added. The sodium is reduced to the 
required condition according to the usual method, by shaking the 
weighed quantity of the metal with petroleum in a small flask at 120°. 
The petroleum is poured off when cold, and the globules of sodium are 
washed with benzene before use. The sodium immediately dissolves in 
the mixture of the ethereal salt with benzene, giving a clear, yellowish 
solution. This is then boiled on the water bath with a reflux condenser, 
until the liquid is full of a yellow, gummy mass, which no longer in- 
creases in quantity. The reaction is then at an end. About 300 c.c. 
of water are poured into the flask, and the whole is well shaken: the 
water dissolves the sodium derivative of the new substance, and the 
yellow, aqueous solution is separated from the benzene by means of a 
separating funnel. On addition of excess of sulphuric acid to the 
aqueous solution, it becomes milky, and after a short time deposits a 
considerable precipitate ; this is collected, well washed with water, and 
finally with a small quantity of ether, and the product is dried at 100°. 
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The yield under favourable conditions is from 8 to 9 grams, that is to 
to say, between 60 and 70 per cent. of the theoretical quantity. 

The crude product is then crystallised from glacial acetic acid, and is 
obtained either in small, glistening leaflets, or in star-like aggregates, 
the former modification being deposited preferentially from strong, 
hot, and impure solutions. Neither form is stable; on stirring the 
erystals with the mother liquor, they become opaque and quickly yield 
a cryptocrystalline powder. After several crystallisations from glacial 
acetic acid, an almost white product is obtained, which melts 
sharply at 188°.* If the sulphuric acid in the melting point apparatus 
has been mixed with a few drops of nitric acid, the melting point tube 
acquires a peculiar purple colour. Three separately prepared samples 
of this substance gave the following results on analysis : 


I. 0°1191 gave 0:2372 CO, and 0°0404 H,O, C=54:32; H=3-77. 

II. 01481 ,, 0:2930C0, ,, 00498 H,O. C=53:95; H=3°74. 

IIT. 0:1485 ,, 0:2940 C0, , 00506 H,O. C=5400; H=3-78. 
C,.H,,0; requires C= 54°06; H =3°76 per cent. 

The lactone dissolves easily in alcohol, in hot glacial acetic acid, and 
in boiling chloroform, but is only sparingly soluble in ether, and in- 
soluble in ligroin. It possesses an extremely bitter taste, gives an acid 
reaction with litmus, and dissolves in sodium carbonate solution with 


effervescence, giving, when pure, a colourless solution, from which it 
may be reprecipitated by acids. An alcoholic solution of the lactone 
gives, with ferric chloride, a deep purple coloration. 


Preparation of the Methylic and Ethylic Salts of the Corresponding Acid. 


The lactone was boiled for 5 hours in a flask provided with a 
reflux condenser with five times its weight of methylic alcohol con- 
taining 3 per cent. of hydrogen chloride. Water was then added, when 
the ethereal salt separated out on the sides of the flask in oily drops 
which soon solidified. The solid was collected, and crystallised once 
from alcohol and twice from benzene. It formed nearly white, pris- 
matic crystals melting at 128°—130°. 


0°1309 gave 0:2513 CO, and 0:0559 H,O. C=52:35; H=4°75. 
C,.H,,0;(OH)(COOCH,) requires C= 52°35; H= 4°70. 


The ethereal salt dissolves readily in alcohol, ether, benzene, chloro- 
form, and acetic acid, but is insoluble in ligroin. 

The ethylic salt was made in exactly the same way, using ethylic 
alcohol instead of methylic alcohol. It was found to melt at 90°, and 
to be more readily soluble in alcohol, ether, and benzene than the 
methylic salt. 


* The melting points given are uncorrected. 
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0°1280 gave 0:2547 CO, and 0:0590 H,O. C=54:26; H=512. 
C,,H,,0,(OH)(COOC,H,) requires C = 53°85 ; H=5:12 per cent. 


Both salts give with fuming nitric acid a deep purple-red coloration 
which quickly fades. 


Action of Bromine on the Lactone and the Methylic Salt. 


A quantity of the lactone was dissolved in boiling chloroform, and 
a solution of bromine in chloroform was added until the mixture 
became permanently coloured. Much hydrogen bromide was evolved 
on boiling, and on cooling, a plentiful crop of small, needle-shaped 
crystals was deposited. These were filtered off and crystallised from 
glacial acetic acid. The substance was finally obtained in short, 
delicate, colourless needles, which on rapid heating melted with 
decomposition at 220°, but on slower heating decomposed about 208°. 


02553 gave 0:2264 AgBr. Br=37°73. 
C,,H,0,Br, requires Br = 37°74 per cent. 


When the methylic salt, C,,H,,0,(OH)(COOCH,), was dissolved in 
chloroform and treated with a chloroform solution of bromine, a mix- 
ture of two substances was obtained, which were separated by 
treatment with boiling ligroin, in which one substance only was 
soluble. The hot ligroin solution was filtered, and on cooling, deposited 
white, microscopic crystals which melted at 139—140°. _ 


0°1003 gave 0°0824 AgBr. Br=35:06. 
C,,.H,Br,0,(0H)(COOCH,) requires Br = 35-09 per cent. 


This substance was therefore a dibromo-substitution product of the 
methylic salt. 

The residue undissolved by the ligroin, which constituted the greater 
part of the product, crystallised well from glacial acetic acid in needles 
melting and decomposing at 219°. : 


00984 gave 0:0874 AgBr. Br=37°79. 
C,,H,O,Br, requires Br = 37°74 per cent. 


The second product is thus identical with the bromine substitution 
product of the lactone; methylic alcohol must therefore have been 
eliminated from the ethereal salt during the bromination. 


Preparation of a Phenylhydrazone. 


A hot solution of the lactone in glacial acetic acid was mixed with 
excess of phenylhydrazine likewise dissolved in glacial acetic acid. In 
a few minutes, the phenylhydrazone crystallised out in beautiful 
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needles, which, after recrystallisation from glacial acetic acid, melted 
sharply at 243°. 


0°1549 gave 10°6 c.c. nitrogen at 19°5° and 752 mm. N=7-77. 
C,,H,,0,-N-NHC,H, requires N = 7°86 per cent. 


Hydrolysis of the Lactone. 


A preliminary experiment showed that the lactone dissolved easily 
in baryta water, but that, on gently warming the solution, a precipitate 
appeared which dissolved in dilute acids with effervescence, In order 
to estimate the amount of carbon dioxide thus formed, a weighed 
quantity of the lactone was boiled for 3 hours with excess of a 
filtered solution of barium hydrate in a flask fitted with a reflux con- 
denser, to the top of which was attached a tube filled with soda-lime, 
to prevent the access of carbon dioxide from the air. When the 
precipitation of barium carbonate was complete, the flask was fitted 
with a rubber stopper with three holes. Through these passed, first a 
dropping funnel containing dilute hydrochloric acid, then a long tube 
dipping below the surface of the liquid in the flask to admit a stream 
of air, and lastly a tube to convey the gases to the absorption 
apparatus. The hydrochloric acid was allowed to run into the flask 
until the contents were strongly acid, and the evolved gas was carried 
over by a stream of air free from carbon dioxide, first through drying 
tubes eontaining sulphuric acid, and lastly into a weighed potash bulb 
apparatus, 0°5495 lactone gave 0°0945 CO,; that is, 1 molecule of 
the lactone gave 1:04 molecule of carbon dioxide. 

The other products of the hydrolysis were found, after some pre- 
liminary experiments, to be best isolated in the following way. Eight 
grams of the lactone were boiled with a solution of 50 grams of barium 
hydrate in a flask attached to a reflux condenser. After seven hours, 
the condenser was reversed and 50 c.c. of liquid were distilled off. 
The distillate was submitted several times to fractionation, the more 
volatile portion in each case being alone collected, until at last about 
2 c.c. of a liquid were obtained, which, on treatment with potassium 
carbonate, separated into two layers. The upper layer, when distilled, 
boiled between 78° and 80°, possessed a spirituous smell, burned with 
a faintly luminous flame, and with iodine and sodium carbonate yielded 
iodoform, It was therefore ethylic alcohol. 

The mixture left after separating the alcohol was filtered, and the 
precipitate washed. The latter was then dissolved in the necessary 
quantity of hydrochloric acid, and the solution evaporated to dryness 
on the water bath. The reside was washed with ether until nothing 
further was dissolved. The ethereal solution was evaporated and 
yielded some two grams of a beautifully crystalline acid, which, after 
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being several times crystallised from water, was obtained in colourless 


plates. The acid melted at 131°5°, and at a higher temperature decom- ) 


posed, yielding carbon dioxide and an acid liquid which boiled between 
110—120° and gave the characteristic odour of ethylic acetate when 
heated with ethylic alcohol and sulphuric acid. 


0°1575 gave 0°2012 CO, and 00548 H,O. C=34:84; H=3°86. 
C,H,0, requires C= 34°61; H=3°84. 


The substance therefore possesses the composition and shows all the 
properties of malonic acid. 

The filtrate from the precipitate of barium carbonate and malonate 
still contained much barium hydrate. This was precipitated by a 
stream of carbon dioxide, and the barium carbonate filtered off. The 
filtrate was concentrated by evaporation, rendered slightly acid with 
acetic acid, and extracted with ether until the ether gave no-residue 
on evaporation. On boiling off the ether, a yellow solid remained, 
which, after treatment with animal charcoal and repeated crystallisation 
from hot water, was obtained in glistening plates. 


0°1346 gave 0°2199 CO, and 0°0733 H,O. C=4455; H=6°05. 
C,H, 0, requires C= 44°44; H=6°10 per cent. 


It was found that at 100° this substance lost a large quantity of 


water, the crystals at the same time becoming opaque. The loss of 
water was determined by drying the crystals in the air bath at 105°. 


0°1149 gave 0:0253 H,O. H,O=22-02. 
10514 ,, 0°2351 H,O. H,O=22°39. 
C,H,,0,; - 2H,O requires loss = 22°22 per cent. 


The substance therefore contains 2 molecules of water of crystal- 
lisation, and when anhydrous must have the composition C,H,0.. 
The dried substance gave the following result on analysis : 


0°1361 gave 0°2891 CO, and 0:0555 H,O. C=56'53; H=4:°53. 
C,H,0, requires C=57:14 ; H=4°76 per cent. 


It melted about 210°, although much lower if slowly heated, and gave 
a cherry-red coloration with pinewood moistened with hydrochloric 
acid. With ferric chloride, it gave only a very faint purple coloration. 
The substance is thus identical in every respect with phloroglucinol, 
the symmetrical trihydroxy benzene. 
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CIV.—Phenanthrone. 
By Francis R. Japp, F.R.S., and ALEXANDER Finpay, M.A., B.Sc. 


PHENANTHRONE was first prepared by Lachowicz (J. pr. Chem., 1883, 
[ii], 28, 172), who obtained it by the reduction of dichlorphenanthrone, 


re CCl, 
HCO. (from phenanthraquinone and phosphorus pentachloride), 


a finely divided iron and acetic acid. He regarded it as a ketone 
CoH, CH, 
of the formula {° 60. 

Japp and Viknedantet (Trans., 1893, 63, 770) afterwards prepared 
this compound by reducing phenanthraquinone with hydriodic acid, 
and mentioned that they had obtained evidence that it was a phenol 
of the formula Coy CH 

C,H, C-OH 
discussion of this point for a future occasion. 

The present investigation was undertaken in the hope of deciding 
between these two formule. The evidence which we have obtained 
points, however, in both directions ; the substance reacts both in the 
ketonic and in the phenolic form, although more frequently in the 
latter. 

We have improved the method of preparation employed by Japp 
and Klingemann, and have studied more carefully the products of the 
reduction of phenanthraquinone with hydriodic acid. We find that, in 
addition to phenanthrone, there are formed: f-phenanthrylic oxide, 
CGH, CH HCC ‘C,H 
é H,° C—O—C: &. H, 


(B-phenanthrol *), reserving, however, the 


* (m. p. 210°), and tetraphenylenefurfuran, 


C,H, spe C- 
, H,°C-0°C-C,H, 
(m. p. 306°), the latter having previously been obtained by Japp and 
Klingemann (Joc. cit.) by the destructive distillation of monacetyl- 
phenanthraquinol. 
Phenanthrone forms with picric acid the compound 


C,,H,,0,C,H,(NO,),° OH. 


8-Phenanthrylic oxide unites with 2 mols. of picric acid to form 
(C,4Hp).0,2C,H,(NO,),* OH 
Phenanthrone, when in solution, readily undergoes aérial oxidation, 
yielding the compound C,,H,,0,, which crystallises in dark red plates 
* We designate the two equal positions in the central nucleus of phenanthrene as 


B-positions, following the precedents of 8-phenanthrenesulphonic acid and 6-phenan- 
threnecarboxylic acid. 


4p 2 
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melting at 156—157°. This compound was described by Japp and 
Klingemann, who obtained it from the product of the distillation of 
monacetylphenanthraquinol and also by reducing phenanthraquinone 
with zine and hydrochloric acid, distilling the product, and recrystallis- 
ing the distillate. We are of opinion that the substance obtained by 
Japp and Klingemann was in reality formed during the process of 
recrystallisation, either from phenanthrone, or from a mixture of 
phenanthrone and phenanthraquinone (v. infra), contained in these 
distillates. The substance itself cannot be distilled. 

Acetic anhydride breaks up the compound C,,H,.0, into phen- 
anthraquinone and phenanthrone, the latter then interacting in the 
phenolic form with the anhydride and yielding B-phenanthrylic acetate, 
C,H, CH 
©,H,° C-0°C,H,O 
obtained directly from phenanthrone. 

The reverse process—the synthesis of the compound C,.H,,O, from 
phenanthraquinone and phenanthrone—is easily effected. It is only 
necessary to dissolve the two substances in benzene, when they unite 
to form this compound : 


CH," CO + CH," CoH, r. ¢ oH,’ C(OH): ¢ CH: ¢ gH, 
C,H, CO CO : C,H, C, H,°CO Co: 6, H, 
Red tasiend (m. p. 156—1 57° > 


(m. p. 77—78°), which is, however, more readily 


The substance is thus an aldol condensation compound. It is an 
0, O(0H): CH, 
C,H,° CO CO-CH, 
just as the latter yields, by reduction with hydriodic acid, diphenylene- 
methylfurfuran (Japp and Klingemann, Trans., 1890, 57, 663), so the 
present compound yields tetraphenylenefurfuran : 


CoH, C(OH): CH: ey + H,= CoH, C— - C°C,H, + 2H,0. 
O,H,: Co COC C,H, C-0°C-C,H, ; 


The foregoing reactions account for the formation of tetraphenylene- 
furfuran in the reduction of phenanthraquinone with hydriodic acid. 
A portion of the phenanthrone, first formed, interacts with unaltered 
phenanthraquinone to yield the foregoing aldol condensation com- 
pound, which is then reduced to tetraphenylenefurfuran. 

When heated with methylic alcohol and sulphuric acid, phenanthrone 


analogue of acetonephenanthraquinone, ; and 


: _ , j -» C,H,-CH 
elds a methylic ether—-methylic B-phenanthrylic oxide, (°~* 1 
yt d Siti : C,H, C-0-CH, 
(m. p. 96—97°). 
When phenanthrone is heated with ammonia, it is converted into a 


mixture of B-phenanthrylamine, oF vax (m. p. 139°), and B-di- 
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Hy (i HE Gols (m. p. 237°). #-Phenan- 
a -C_NH—C:- C ell, 

thrylamine is hydrolysed by boiling it for some time with hydrochlo- 
ric acid, phenanthrone being regenerated—a behaviour which might 


phenanthrylamine, Go 


suggest that it had the constitution CoH,’ eve. We tried to decide 
gH," -C: NH’ 


this question by means of the carbamine ‘wenitiids but although we be- 
lieve that the compound does form a carbamine, the result was not quite 
satisfactory, owing partly to the small quantity of substance which we 
were able to employ, and partly to the very slight volatility of the 
product. But considering that a secondary amine is also formed in the 
ammonia reaction, it is highly improbable that the first compound 
should be an imide, as such a compound would certainly resist the 
further action of the phenanthrone. We therefore adopt the view that 
the two compounds are amines, as represented in the foregoing. Of 
course, 8-phenanthrylamine may pass into the tautomeric imido-form 
previous to hydrolysis. 

Phenanthrone does not interact with phenylhydrazine at 100°. At 
200°, however, water and ammonia are eliminated, and a compound of 
the formula C,,H,,N (m. p. 188—189°), which we regard as 2’: 3’-di- 
phenyleneindele, is produced. This result may be explained by assum- 
ing that the phenanthrone first acts in the ketonic form, yielding a 
phenylhydrazone, which then parts with ammonia and is converted 
into the indole : 


C,H, CH, = CH ¢—/ + NH,, 
C,H, C:N-NH-0,H,  C,HyC\_ A. J ‘ 
NH 


the reaction thus corresponding exactly with that in which E, Fischer 
obtained 2’ : 3’-diphenylindole from the phenylhydrazone of deoxyben- 
zoin, except that, in the latter case, zinc chloride was employed to bring 
about the elimination of ammonia (Annalen, 1886, 236, 135). 

Japp and Klingemann mention that a solution of phenanthrone in 
caustic potash, when gently warmed with chloroform, gives a blue 
coloration, as in Lustgarten’s test for the naphthols, the solution then 
depositing dark-blue needles with a coppery lustre. We attempted to 
obtain this compound in a state of purity, but were unsuccessful, 
owing to the readiness with which it is decomposed. 

From the foregoing, it will be seen that, as already mentioned, 
phenanthrone, in the majority of its reactions, behaves like a phenol. 
Its analogy to the naphthols, especially to B-naphthol, is very striking. 
Thus its solubility in alkalis, its acetylation, its etherification by sul- 
phuric acid and an alcohol, the formation of #-phenanthrylic oxide 
when it is heated with zinc chloride, its combination with 1 mol. of 
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picric acid, and that of 8-phenanthrylic oxide with 2 mols. of picric 
acid, and, lastly, the coloration which it gives with chloroform and 
caustic alkali—all of these are reactions which find a parallel in the 
case either of the naphthols or of the naphthylic oxides. Again, 
the formation of B-phenanthrylamine and f#-diphenanthrylamine when 
phenanthrone is heated with ammonia, has its exact counterpart in the 
formation of -naphthylamine and B-dinaphthylamine from f-naphthol. 
In all these cases, phenanthrone behaves as if it were £-phenanthrol. 

The only reactions in which phenanthrone behaves as a ketone are : 
the formation of the aldol condensation compound C,,H,,O, with 
phenanthraquinone, and of 2’:3’-diphenyleneindole with phenyl- 
hydrazine. The second of these reactions, however, proves very little. 
It requires a high temperature for its occurrence, and, apart from this, 
such evidence as it does furnish of a ketonic constitution for phenan- 
throne is merely indirect, no intermediate hydrazone having been 
isolated.* 

All this chemical evidence, however, merely proves how phenan- 
throne acts in certain given cases. What phenanthrone is, must 
probably be left to physical chemistry to decide. It is becoming every 
day more and more evident that ordinary chemical methods are in- 
adequate to solve the problem of the constitution of compounds which 
display tautomerism. 

The name phenanthrone, it is true, begs the question of the ketonic 
constitution of the compound. But this name happens to be in 
possession, and may as well be left in possession for the present. 


EXPERIMENTAL, 


Preparation of Phenanthrone.—Japp and Klingemann (/oc. cit.) pre- 
pared phenanthrone by boiling phenanthraquinone for a few minutes 
with the strongest hydriodic acid. A better result is obtained, and an 
economy effected, by using hydriodic acid of sp. gr. 1°75, with the 
addition of amorphous phosphorus, and boiling for several hours. The 
same hvydriodic acid, after filtering off the solid matter, may be used 
two or three times, adding a little fresh acid if necessary. 

A mixture of 50 grams of phenanthraquinone, 500 grams of 
hydriodic acid (sp. gr. 1°75), and 50 grams of amorphous phosphorus 


* The fact that this compound, which in most of its reactions behaves like a 
phenol, exhibits tautomerism, and is capable, under certain conditions, of reacting 
in the ketonic form, supports the view which von Baeyer has put forward on various 
occasions (Ber., 1890, 23, 1285; Annalen, 1892, 269, 189) regarding the central 
nucleus of phenanthrene. He looks upon this nucleus as an imperfect benzene 
nucleus—one in which the double bonds display toa certain extent an ethylenic 
character. The stability of this nucleus would, of course, be still further diminished 
by the introduction of hydroxy]. 


~~ tna &- 2 ot. oe. eS 
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was boiled for 44 hours in a flask fitted with a reflux condenser. On 
cooling, a yellow, crystalline solid was deposited, mixed with the excess 
of phosphorus ; this was separated by filtration through a filter plate 
covered with teased asbestos, washed with water, and extracted several 
times with ether. The ethereal solution was shaken with dilute 
sulphurous acid, then with a solution of sodium carbonate, washed 
with water, dried with calcium chloride, and distilled to a small bulk. 
From this concentrated solution a yellow, crystalline solid was de- 
posited (v. infra). This was separated; the concentrated ethereal 
solution was transferred to an Anschiitz flask, and after expelling the 
ether, the residue was distilled under reduced pressure in an atmos- 
phere of carbon dioxide. Under a pressure of about 12 mm., the 
phenanthrone distilled over between 220—260° as a pale yellow oil, 
which solidified in the receiver. The distillation was discontinued as 
soon as this oil ceased to pass over. There was a considerable non- 
volatile residue, from which nothing definite could be isolated. The 
solidified distillate of phenanthrone was melted and run out of the 
receiver in a current of carbon dioxide. The yield from the above 
quantities is 8—9 grams. 

The phenanthrone is thus obtained as a pale-yellow, crystalline sub- 
stance ; the only impurity which it appears to contain is a mere trace 
of phenanthrene, which does not interfere with its use for most re- 
actions. In the solid state, it is fairly stable in air ; but, when melted 
or dissolved, it rapidly oxidises. Crystallised quickly from a concen- 
trated solution in hot benzene, it may be obtained in light-brown 
needles melting at 152—153° ; but if the process of crystallisation be 
prolonged, the colour of the crystals is much darker ; whilst from dilute 
solutions only red plates of an oxidation product (v. infra) are de- 
posited. For these reasons, it is better, wherever possible, to avoid 
recrystallising the product. 

Phenanthrone combines with picric acid. When the two substances 
are dissolved in hot alcohol, the solution, on cooling, deposits red 
needles of the double compound melting at 185°; this may be recrys- 
tallised from alcohol without decomposing. 


0°1304 gave 11°25 c.c. moist N at 9° and 743 mm. N=10°14. 
C,,H,,0,C;H.(NO,),OH requires N = 9-93 per cent. 


B-Phenanthrylic Oxide.—The yellow, crystalline solid which separated 
from the concentrated ethereal solution in the preparation of phenan- 
throne, was dissolved in hot benzene. The substance was deposited 
in minute plates, sometimes rectangular, sometimes oblique, sometimes 
six-sided from combination of the other two. By recrystallisation, the 
crystals were obtained almost colourless and melted at 210°. Analysis 
gave figures agreeing with the formula of P-phenanthrylic oxide, 
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(C,,H,),0, a compound which would be formed by the interaction of 
2 mols. of phenanthrone in the phenolic form with elimination of 
water. 


0:1922 gave 0°6370 CO, and 00932 H,O. C=90°39 ; H=5:38. 
0:1565 ,, 05187 C0, ,, 00700 H,O. C=90°39 ; H=4:97. 
C,,.H,,0 requires C= 90°81 ; H= 4°86 per cent. 


In one reduction experiment in which the product was treated 
specially with a view to isolating @-phenanthrylic oxide, 25 grams of 
this substance were obtained from 50 grams of phenanthraquinone. 

The foregoing view as to the constitution of this compound is con- 
firmed by the following mode of preparing it. Phenanthrone was 
heated with twice its weight of zine chloride in an atmosphere of 
carbon dioxide at a temperature of 210—220° for 2 hours. The 
fused mass was extracted with hydrochloric acid, the residue extracted 
with ether, and the ethereal solution shaken with caustic soda to 
remove phenanthrone. On evaporating the ether and recrystallising 
the residue from benzene, minute, colourless plates of 8-phenanthrylic 
oxide, melting at 210°, were obtained. 

8-Phenanthrylic oxide combines with picric acid to form the mole- 
cular compound (C,,H,),0,2C,;H,(NO,),0H. <A solution of #-phen- 
anthrylic oxide in benzene, with excess of picric acid, deposits, on 
spontaneous evaporation, clusters of scarlet, rectangular plates melting 
at 148°. 


0°1668 gave 13°65 c.c. moist N at 8° and 758°4 mm. N=9°86. 
(C,,Hy),0,2C,H.(NO,),*OH requires N= 10-14 per cent. 


This double compound is unstable in solution, unless in presence of 
excess of picric acid. On attempting to recrystallise it from benzene, 
the solution deposited crystals of B-phenanthrylic oxide. 


Tetraphenylenefurfuran, yet i i ts 4,—This substance, which 
64 

is formed, along with BB in and Sakunesliesiie oxide, in the 
reduction of phenanthraquinone with hydriodic acid and amorphous 
phosphorus, remains behind, mixed with the phosphorus, after the 
first two substances have been removed by ether. It may be extracted 
with boiling coal oil (b. p. 170—190°), from which it is deposited in 
silky needles, which are yellow at first, but may be obtained white by 
recrystallisation from the same solvent. It melts at 306° and with 
concentrated sulphuric acid gives a green colour which becomes darker 
on standing, and very dark on the addition of a little sodium nitrite.* 


* As is well-known, many of the colour reactions which organic substances show 
when dissolved in concentrated sulphuric acid, are in reality due to nitrososulphuric 
acid. The quantity of nitrous acid required is frequently infinitesimal. Thus we 
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Japp and Klingemann, who obtained this compound by the destructive 
distillation of monacetyl phenanthraquinol, give the melting point{at 
295—297° and state that a blue coloration is produced with sulphuric 
acid ; but their substance was yellow, the small amount at their dis- 
posal precluding a more thorough purification. 

Analysis confirmed the formula C,,H,,0. 


0°1463 gave 0°4882 CO, and 0:0619 H,O. C=91°01; H=4-°70. 
C,,H,,0 requires C = 91°30 ; H= 4°35 per cent. 


The process by which this compound is formed in the reduction of 
phenanthraquinone has been explained in the introduction to this paper. 

Aérial Oxidation of Phenanthrone. Formation of the Compound 
C,,H,,0,.—When phenanthrone is dissolved in sufficient benzene to 
keep it in solution in the cold, the liquid, on standing, gradually be- 
comes dark-red, owing to aérial oxidation, and dark-red, lozenge- 
shaped laminez, which, when dry, have a micaceous lustre, are de- _ 
posited as the solution spontaneously evaporates. Frequently, the 
crystals are grouped together in serrated forms. The substance, 
after recrystallisation from hot benzene, melts at 156—157°, and is 
identical with the compound, C,,.H,,0,, obtained by Japp and Klinge- 
mann (v. sua) who give the melting point at 155°. Analysis gave 
figures agreeing with the formula. 

Action of Acetic Anhydride on the Compound C,,H,,0,.—A small 
quantity of the compound C,,.H,.0, was boiled for 1 hour with acetic 
anhydride, after which the excess of anhydride was distilled off under 
reduced pressure. The residue was treated with boiling light petroleum 
which extracted a substance crystallising in colourless needles melting 
at 76°, identical with §-phenanthrylic acetate (m. p. 77—78°), the 
product of the action of acetic anhydride on phenanthrone (v. infra). 

The portion insoluble in light petroleum was dissolved in hot 
benzene. It crystallised in flat, orange-coloured needles melting at 
202—203°, soluble in hydrogen sodium sulphite. These are the proper- 
ties of phenanthraquinone, C,,H,O,, with which formula the results 
of analysis also agreed. 

Synthesis of the Compound C,,H,.O,.—Equimolecular proportions of 
phenanthraquinone and phenanthrone were separately dissolved in the 
minimum quantity of hot benzene and the solutions mixed, when the 
colour of the liquid changed to dark red. The mixture was heated 
for a few minutes on the water bath; but this was probably un- 


found that some of these colour reactions could be produced with sulphuric acid 
that had been previously boiled with a little solid ammonium sulphate. That the 
coloration was nevertheless due to the presence of nitrous acid was proved by the 
fact that, on the addition of a trace of sodium nitrite, as above described, the same 
coloration, only much more intense, was produced. 
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necessary. On cooling, the solution deposited magnificent dark-red 
plates of the compound C,,H,.0,. The substance, which was pure, 
melted at 156—157°. The weight of the first crop of crystals was 
equal to that of the phenanthrone taken ; but a further quantity could 
be obtained by concentrating the mother liquor. 

Reduction of the Compound C,,H,,0, with Hydriodic Acid. Forma- 
tion of Tetraphenylenefur/uran.—One gram of the compound C,,H,.0, 
was boiled with excess of fuming hydriodic acid (sp. gr. 2) for a few 
minutes, after which water was added, and the solid was separated by 
filtration, dried, washed with ether to remove dark-coloured impurities, 
and dissolved in boiling coal oil (b. p. 170—190°), from which it was 
deposited in slender, white needles melting at 306°. With concentrated 
sulphuric acid, it gave the colour reaction of tetraphenylenefurfuran. 
It was identical with the substance obtained in the reduction of 
phenanthraquinone (v. supra). 

Action of Acetic Anhydride on Phenanthrone. Formation of B-Phenan- 


C,H,’ C 
thrylic Acetate, OH: C. 0-0,0,0°—Saementinene was boiled for about 


three-quarters of an hour with acetic anhydride. During the process 
the liquid turned green. The excess of anhydride was distilled off, 
and the residue was dissolved in boiling light petroleum. The new 
substance was deposited in fine needles, which, however, hada greenish 
tinge. By redissolving it in boiling light petroleum, allowing the 
solution to stand for a short time, and pouring off the mother liquor 
from the green impure substance which was deposited first, a colourless 
solution was obtained from which pure white needles separated. 
These melted, not very sharply, at 77—78°. Analysis gave figures 
agreeing with the formula of a monacétyl derivative, C,,H,*O-C,H,0. 


0°1352 gave 0°4014 CO, and 0:0622 H,O. C=80°97; H=5:11. 
01347 ,, 04002 CO, ,, 00647 H,O. C=81:03; H=5-33. 
C,,H,,0, requires C= 81°36 ; H=5-08 per cent. 

Etherification of Phenanthrone. Formation of Methylic B-Phenan- 
eral ., Foy CH ¢ 
irylic Oxide, O,H,: 0-0 OH, — Three grams of phenanthrone, 4 grams 
of methylic alcohol, and 1°5 gram of concentrated sulphuric acid were 
heated, by means of an oil bath kept at a temperature of 120—130°, 
for 4 hours in a flask fitted with a reflux condenser to which a short 
column of mercury was attached in order to increase the pressure. 
The operation was carried out exactly asin the Henriques-Gattermann 
method of preparing the alkyl ethers of the naphthols (Annalen, 1888, 
244, 72). After cooling, the liquid was poured off from the separated 
solid, which was dissolved in ether, and the ethereal solution was 
shaken with dilute caustic soda to remove unchanged phenanthrone. 
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On evaporating the ether, a yellowish, crystalline mass remained. By 
recrystallising from methylic alcohol, decolorising the solution with 
animal charcoal, the substance was obtained in white needles melting 
at 96—97°. The yield of crude (yellowish) substance was 2°7 grams ; 
but there was considerable loss in purification. 

Analysis gave figures agreeing with the expected formula, 

C,,H,* 0-CH,. 
0°1522 gave 04829 CO, and 0°0818 H,O. C=86:53; H=5'97. 
01520 ,, 04810 CO, ,, 0°0828 H,O. C=86:30; H=6°05. 
C,;H,,O requires C = 86°53 ; H=5-76 per cent. 


Action of Ammonia on Phenanthrone. Formation of B-Phenanthryl- 

; C.H, CH Ce H, ‘CH HC: Cs H, 
amine, O,H,-C-NH,’ and B-Diphenanthrylamine, ? O,H,-C—NH- C C, H, 
—Five grams of phenanthrone were introduced into the bend of a 
U-tube which was then heated in an oil bath at 200—210°, whilst a 
current of gaseous ammonia was passed through the melted substance 
for 1 hour. On cooling, the product formed a clear reddish-brown 
solid. By treatment with ether, it was separated intoa soluble and an 
insoluble portion. The ethereal solution was shaken with dilute 
caustic soda to remove phenanthrone, dried with solid caustic potash, 
filtered, after which gaseous hydrogen chloride was passed into it. 
This precipitated the hydrochloride of a base. The precipitate was 
washed with ether. The yield of this crude hydrochloride was 1°5 
grams. In order to obtain the base from it, the solid hydrochloride 
was shaken with dilute caustic soda and ether, the ethereal solution 
dried, as before, with solid caustic potash, evaporated to a small bulk, 
and light petroleum added. The amine separated in almost white 
needles melting at 139°. Analysis gave figures agreeing with the 
formula C,,H,-NH,. 


0°1407 gave 0°4495 CO, and 0°0748 H,O. C=87:13; H=5-90. 
01556 ,, 9°6c.c. moist N at 11°5° and 757°3 mm. N=7°31. 
C,,H,,N requires C=87:04 ; H=5-70; N=7-25 per cent. 


The compound is B-phenanthrylamine. 

The hydrochloride has the formula C,,H,*NH,,HCl. A chlorine 
determination gave Cl=16°62 instead of 15°46 per cent., the excess 
found being due to the reduction of the silver nitrate by the easily 
oxidisable base. The hydrochloride is only sparingly soluble in water. 
Boiling with dilute hydrochloric acid hydrolyses the base, phenanthrone 
separating in brownish needles. 

The portion of the original product of the action of ammonia which 
was insoluble in ether (v. supra) was extracted with boiling benzene, 
The solution deposited .faint yellow, minute, flat prisms, melting at 
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237°.. Nearly 1 gram of this substance was obtained from 5 grams of 
phenanthrone. Analysis gave figures agreeing with the formula of 
B-diphenanthrylamine (C,,H,),.NH. 


0°1714 gave 0°5716 CO, and 0°0865 H,O. C=90°95; H=5°60. 

01671 ,, 05566 CO, ,, 0:0824H,O. C=90°84; H=5-48. 

02190 ,, 7-1 c.c. moist N at 9° and 747°7 mm. N=3°83. 
C.,H,,N requires C=91:05 ; H=5:15 ; N=3-79. 


Action of Phenylhydrazine on Phenanthrone. 


CoH,” fi | |.—-Phenan- 


Formation of 2' :3'-Diphenyleneindole, 
CHA LAY 
NH 
throne underwent no change when heated with phenylhydrazine in 
alcoholic solution at 100°. At a higher temperature, however, the 
substances interact. 

Five grams of phenanthrone were heated with excess of phenyl- 
hydrazine for 10 minutes at a temperature of 200° in an atmosphere 
of hydrogen. A strong smell of ammonia was perceived on. opening 
the flask. The product was dissolved in alcohol, acetic acid was 
added, and the solution precipitated with water. The precipitate was. 
dried, dissolved in the smallest possible quantity of alcohol, and to 
the hot solution light petroleum was added until a solid began to 
separate. On cooling, the new compound was deposited in pale brown 
needles melting at 188—189° ; the brownish tinge was doubtless due to 
impurity, but the quantity of substance at our disposal was insufficient 
for complete purification. The compound is insoluble in hydrochloric 
acid ; in concentrated sulphuric acid it dissolves with a blue colour 
which changes to green on standing. It is somewhat difficult to burn, 
and one combustion was carried out in moist oxygen, in order to"make 
sure that the full amount of carbon had been obtained. The analytical 
figures agreed with the formula C,,H,,N. 


0:1445 gave 0°4760 CO, and 0:0678 H,O. C=89°84; H=5-21. 
0:1408 ,, 04646 CO,,. C=89:99. 
01566 ,, 7c... moist N at 11°8° and 7576 mm. N=5:29. 
C,,H,,N requires C= 89°88 ; H=4°86 ; N=5-24 per cent. 
The reasons for regarding this compound as 2’: 3’-diphenyleneindole 
have been given in the introduction to this paper. 
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CV.—The Crystalline Structure of Gold and. Platinum 
Nuggets and Gold Ingots. 


By A. Liversipce, LL.D., F.R.S. 


A PRELIMINARY verbal statement was made to the Royal Society of 
New South Wales on the subject of this paper in 1894, and the 
sections of some nuggets were exhibited then and later on, but the 
publication of the paper has been deferred until now * pending the 
preparation of the illustrations ; a brief notice was also published in 
the Chemical News. 

In a paper read before the Royal Society of New South Wales in 
1893 (“ On the Origin of Gold Nuggets,” Jour. Roy. Soc. N.S.W., 1893 ; 
Chemical News, vols. 49 and 50, 1894), I discussed the origin of gold 
nuggets, and reviewed the theories which had been put forward to 
account for their formation ; one explanation of their origin is that 
they have been formed én situ in the gravels and alluvial deposits in 
which they are found, and that, starting with a nucleus, they were 
gradually increased in size by the successive deposits of gold from 
solution, being built up of superimposed coatings so that they were 
analogous in structure to an onion. In that paper I gave various 
reasons to show that this explanation is not justified ; since its publi- 
cation, Iobtained specimens of gold nuggets which, after being ground 
down or sliced through so as to obtain sections, were then polished 
and etched by means of suitable solvents, such as chlorine water, aqua 
regia, a solution of potassium cyanide, or by a mixture of sodium 
chloride solution and nitric acid ; the last was found to be the most 
convenient, because the strong solution of salt dissolved off the coat- 
ing of silver chloride which was usually formed, and which prevented 
the action of the solvent from being properly watched. 

As a result of this treatment, it was invariably found that the 
nugget did not present any traces of concentric coatings, but that the 
gold was always more or less crystalline, and in some cases the crystals 
were very large and with well defined boundaries ; in fact the etched 
surfaces closely resembled those obtained from sections of many me- 
tallic meteorites, except in the form of the crystals—this structure is 
clearly seen in the illustrations to this paper. 

Some of the nuggets also showed cavities and enclosures of quartz, 
ferric hydroxide, and argillaceous matter, although in many cases none 
was visible on the rolled surface of the nugget, the non-appearance of 
the impurities on the surface being due to the soft gold having been 


* This paper is to appear in the next volume of the Journal of the Royal Society 
of New South Wales. 
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usually beaten down, by rolling and attrition, in such a way as to cover 
over and hide the enclosures or render them less conspicuous. 

It was found also that many nuggets, when heated strongly in a 
Bunsen burner, became blistered, and that these blisters burst with a 
sharp report and the projection of small pieces of gold, giving off gases 
or vapours which issued under considerable pressure and forced out 
the Bunsen flame into little blowpipe-like jets. It was thought that 
these phenomena might be due to the presence of enclosed gases under 
pressure, but when the nuggets showing these blisters or blebs were 
immersed in a solvent-and the walls of the blebs slowly dissolved 
away, there was no escape of gas. 

Subsequent investigations showed that the nuggets yielded but very 
small quantities of permanent gas when treated for occluded gases at 
a high temperature, and it was found that the vapour given off was 
mainly that of water mixed with some sulphur dioxide and air. The 
water vapour was probably mainly derived from the hydrous oxide of 
iron and argillaceous matter enclosed in the nuggets. 

The nuggets examined came from various parts of Australia, and 
differed considerably in purity; the purer ones usually presented a 
much better marked crystalline structure—this is well shown in the 
specimens from West Australia. Plate 1 reproduces a photograph of 
a nugget from Coolgardie, W.A., enlarged 2 diameters, so as to 
render the external details clearer. The somewhat rounded and worn 
points show traces of crystalline form, probably that of the octa- 
hedron and its derivatives. On the whole, the nuggets from West 
Australia which I have seen did not possess such a worn and rounded 
appearance as that usually presented by large nuggets from other 
localities, and I am inclined to think that they are less water-worn 
on account of the greater dryness of that region. 

The weight of this nugget was 9°94 oz. troy, and the mint assay 
was gold 0°8900, silver 0°0105. 

The assays given in this paper are those of the average of the 
parcel of gold from which the nugget was selected ; the assays of the 
individual nuggets and of portions of the nuggets have yet to be 
made. It is intended to cut out crystals from the sections and 
examine them separately, to see if there is any difference in their 
composition. Some of the crystals are much more readily etched than 
others ; that this is the case can be seen from the photographs, which 
by no means give all the details. 

The external depressions of this and other West Australian nuggets 
usually contained a little clay, which, under the microscope, showed 
the presence of a few spangles of gold, and some small particles of 
quartz with sharp edges and conchoidal fractures and not at all 
rounded or water-worn. One small fragment of galena was also detected. 
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A. Liversidge, 1894. 
GOLD NUGGET, ORANGE (SEE PL. 5). ETCHED SECTION SHOWING CAVITIES LEFT AFTER 
DISSOLVING AWAY THE WALLS OF THE BLEBS. 


A. Liversidge, 1895. 
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SECTION ENLARGED 3 DIAMS, - 
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Internally, it was practically free from foreign matter. Plate 2 is 
from a, photograph of an etched section of this nugget taken very 
near the median plane. Plate 3 shows the back of the same section, 
and some of the crystals can be seen to pass through from side to side, 
A few minute cavities can be seen in the crystals, but the nugget was 
remarkably free from impurities, the dark parts being due to the way 
in which the light has been reflected from the surfaces of the crystals. 
The whole of the surface was, of course, of a brilliant gold colour. 

These three plates and No. 14 have been reproduced in collotype, 
so as to permit of examination with a magnifying glass, the rest of 
the photographs have been reproduced by process blocks for the sake 
of economy, with, unfortunately, the loss of many details. None of 
the photographs or reproductions have been touched up, or the effects 
heightened in any way. 

In Plate No. 4, there is a section of another nugget from Coolgardie, 
enlarged 3 diameters, this nugget weighed 2°96 oz. troy; this was 
picked out of a large parcel of some hundreds of ounces, mainly com- 
posed of nuggets from 2 to 5 oz. in weight, all of which were only 
sub-rolled or water-worn, and many pieces showed traces of crystal 
planes. 

On etching this section with chlorine water, its surface became 
thickly coated with silver chloride. Some of the crystals were much 
more rapidly etched than others, the lines of contact of the crystals 
were also deeply etched. Unless there be a difference in composition 
or of structure, the differential action of the solvent is difficult to 
account for ; in the case of meteorites, we know that the characteristic 
Widmannstatt figures are largely due to a difference in composition. 

Freshly cut and thoroughly dried fragments of this specimen, when 
strongly heated, gave off water and sulphur dioxide, the latter probably 
due to the presence of a little iron sulphide; they also emitted an 
empyreumatic or nitrogenous odour similar to that which I have found 
to be given off by rock crystal, and by many minerals and rocks. 
No explosions, however, occurred, and no blebs were formed. 

The section of a nugget from Orange, New South Wales, Plate 5, 
gave, perhaps, the sharpest explosions and the largest blebs of any, on 
heating to incipient redness in a Bunsen. The weight of this nugget 
was 1-08 oz. troy, and the mint assay of the parcel from which it was 
obtained gave gold 0°9345, silver 0:0600. 

No foreign matter was visible in the section until it had been etched, 
when it was found to be studded with minute grains of quartz and a 
little oxide of iron ; the crystalline structure is on a much smaller scale 
than that of the West Australian nuggets. The blebs and cavities 
left by them are well shown, and Plate 6 shows the cavities left after 
the walls of all the blebs have been dissolved away. 
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Although the process blocks show the structure fairly well, yet much 
of the detail is lost, and nothing is seen of certain long and straight 
bright lines meeting at angles of about 70°, which are clearly visible in 
the’section itself, these reflect light brilliantly, and appear to be the 
edges of crystals. 

A nugget. from Nerrigundah, New South Wales, also showed these 
long, straight, brilliant and sharply defined edges; in both cases 
they were seen on the exterior of the nugget as well as in the section. 

As already stated, no gas was observed to escape from the blebs 
when the walls were dissolved away by chlorine water, hence the 
blisters were not due to imprisoned liquid carbon dioxide or other 
similar substance, but apparently to water or to a hydrated substance 
such as iron oxide, 

On Plate 5 there is also the etched section of a nugget from Ade- 
long, New: South Wales, weighing 0°4 oz. troy; mint assay of parcel 
=(0'9275 gold and 0°0650 silver. This section showed the presence of 
much iron oxide and a minutely crystalline structure. On heating, 
only minute blebs were formed. 

On Plate 6:there is also the section of a nugget from Queensland, 
which shows the gold in the form of veins enclosing much ferruginous 
matter ; the lighter parts are the gold. Weight 0°7 oz. troy. Assay 
0°8795 gold and 0°1150 silver. Externally this nugget presented a 
foliated structure and the presence of ferruginous matter. 

Gold nugget, Wellington, New South Wales, Plate 7. Weight 
0:99 oz. troy. Mint assay of parcel, gold 0°9335, silver 0°0600. Ex- 
ternally this seemed to be massive gold, but the section showed the 
presence of much ferruginous matter; the bending and welding over 
of the gold thus enclosing the impurity is well shown by the photo- 
graph. 

The three following New South Wales specimens also show much 
enclosed ferruginous matter and a minutely crystalline structure. 

The next specimen, on Plate 7, represents a section of particularly 
bright gold from Peak Hill. This weighed 0°92 oz. troy; mint assay 
= gold 0-9790, silver 0:0100. No visible impurity was present ; the 
black and dark parts are crystals of gold, and from the large size of 
these crystals this nugget looks as if it had belonged to a much larger 
piece, although not necessarily so. The large crystal sections present a 
satiny sheen, not shown in the illustration, as if built up of thin 
plates. The interpenetration of the crystals is well shown. 

This nugget is purer than usual, and such gold generally yields 
larger crystals ; this is the case with ingot gold. 

The nugget from Parkes, New South Wales, Plate 8, shows a 
different structure from the preceding, it is minutely crystallised 
and contains rounded enclosures of iron oxide. 


GOLD NUGGET, WELLINGTON, N.S.W. EtrcHep SECTION ENLARGED 2 DIAMS. 


THE DARK PARTS ARE IRON OXIDE. 


A. Liversidge, 1894. 
GoL_p NuGGets. ETCHED SECTIONS ENLARGED 3 DIAMS. THE DARK PARTS 
ARE CAVITIES AND FERRUGINOUS MATTER. 


A. Liversidge, 1894. 


GoL_p NuGGET, PEAK HILL. ETCHED SECTION ENLARGED 3 DIAMS. 
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A. Liversidge, 1895. 


PLATINUM NUGGET, ETCHED SECTION ENLARGED 5 DIAMS. 
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A nugget from Hill End, New South Wales, showed, under a 
1 inch objective, a small cavity lined with quartz crystals. 

Sections of many other nuggets were made and photographed, but 
as they did not differ materially from those described herein they are 
not figured. 


PLATINUM NUGGET. 


The section of a nugget of platinum (weighing 36 grams, sp. gr. 15°87) 
was also prepared, polished, and etched by aqua regia. The structure 
was found to be much more granular than that of the gold nuggets, 
and the mass readily disintegrated into particles of about 1 mm. in 
diameter and possessing a crystallised appearance with octahedral 
markings. 

Between the granules, there were films of a pale buff coloured non- 
metallic mineral, which requires further examination. 

The nugget was evidently impure and requires to be analysed. 


ARTIFICIAL NUGGETS AND INGOTS. 


Attempts were next made to prepare fair sized artificial nuggets by 
electrolytic deposition, around wires ; fairly thick masses were obtained, 
the sections of which showed well defined rings and traces of crystal- 
line structure ; the rings or successive coats were clearly due to 
changes in the strength of the current and of the solution. 

Masses of fused gold were also cut, polished and etched and in all 
cases a strongly marked crystalline structure was visible. 

In Plate 10 is shown the cross section of an ingot of gold weighing 
1400 oz. and assaying 1000, that is, it was nominally pure gold. The 
crystals are seen to be very large and well defined, radiating out 
from the sides in contact with the ingot mould in well defined curves. 
The horizontal lines are probably due to the action of the planing tool 
by which the ingot was cut ; the tool marks were filed and polished 
away completely, but doubtless the pressure of the tool set up a mole- 
cular change, and the effects of this become apparent in the process of 
etching. 

The next plate, No. 11, shows the base of the ingot after etching; 
before etching, no crystalline structure was apparent. 

In Plate No. 12 is shown the structure brought out on etching an 
internal horizontal section of the ingot cut parallel with the top and 
base through the plane A.B. (Plate 10) ; in this also, the grooved lines 
seem to be due to the stress of the planing tool ; the shearing strain 
must have been considerable, for it required a nominal 4-horse power 
engine to work the tool when making the vertical groove or cut, 
although it had quite a narrow cutting edge. This horizontal section 

VOL. LXXI. 4G 


1130 LIVERSIDGE: THE CRYSTALLINE STRUCTURE OF GOLD, ETC. 


was made by planing away the top of the ingot down to the median 
line A.B. 

Next, a large ingot of standard or gold and copper coinage alloy (22 
carat or 11 gold to 1 of copper), weighing 1203 oz., was cut through, 
polished, and etched ; this impure gold, as might be expected, showed 
a much smaller crystalline structure (Plate 13), and the crystals only 
radiate inwards a short way. This particular specimen was etched for 
me by Mr. McCutcheon, assayer to the Sydney Mint, as it was found 
inconvenient to have such large masses of gold carried between the 
Mint and the University laboratory. It will be noticed that the strix 
caused by the cutting tool (if they be due to that in the softer and 
purer ingot) are not visible in this harder alloy. 

Although only two ingots are referred to here, several others were 
mede and examined. 

The next plate, No. 14, is a collotype of a nominally pure, and of a 
standard gold rolled fillet, of the thickness of a sovereign. The crys- 
talline structure is preserved in spite of the rolling, annealing, &c., 
and in the case of the purer gold, some of the crystals are etched so 
deeply as to throw the others up into sufficient relief to yield well 
defined shadows. It is noticeable, too, that the large longitudinal 
crystals (elongated by the rolling process) are crossed, practically at 
right angles, by other smaller but well defined crystalline striz. 

Plate 15 represents an etched rolled fillet of Mount Morgan gold, 
assaying 1000, and supplied to me by the late Dr. Leibius of the 
Sydney Mint 4s a specimen of the purest gold he had ever made. In 
this the crystals are still larger. 

A plate of copper was thickly coated with gold and etched, but only 
a minute crystalline structure was obtained. 

A fillet of nominally pure silver presented a minutely crystalline 
structure, quite unlike the gold fillets. 

I had hoped to obtain and examine a specimen of “ brittle” gold 
from the Sydney Mint, as its crystalline structure would be of interest 
and might perhaps afford information which would be of use, but 
none happened to be produced at the time. 

For comparison, an ingot of tin was etched by nitro-hydrochloric 
acid, with the result shown in Plate No. 16. The ingot weighed 
about 20 lbs., only a small part of its surface is shown in the plate. 

The moiré-metallique structure was rendered visible immediately on 
moistening with the acid ; the etching was continued until about } inch 
in depth had been dissolved away, but the outlines of the crystals ap- 
parently underwent no change, and the surface remained quite smooth 
—that is, none of the crystals were dissolved away more quickly than 
the others, and no grooves were eaten out along their edges. The 
gold nuggets, ingots, and fillets behaved quite differently, that is, 
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grooves were eaten out at the junctions of the gold crystals and some 
were sunken below the others so that the etched surfaces of the gold 
could be printed from, and the differences of level seen and felt ; 
nothing of the kind happened with the tin ingot. 

I have much pleasure in acknowledging the assistance which I have 
received from the Deputy-Master and the officers of the Sydney Mint 
in preparing the large ingots of gold for me, and in helping me to pro- 
cure the large number of nuggets which I found necessary for the 
work. 

A great deal requires to be done to complete this investigation, but, 
as far as it goes, I think it proves that gold nuggets do not show any 
indication of having been built up of concentric layers deposited 
round a central nucleus ; but that they possess a well-marked internal 
crystalline structure, and usually enclose foreign substances. 

This crystalline structure does not appear to me to be incompatible 
with the nuggets having had an aqueous origin, that is, that the gold 
has been slowly deposited from solution, either at ordinary or at high 
temperatures. This is indicated by the presence of hydrous minerals, 
&e., within their substance ; the fact that fused gold also takes on a 
crystallised form is no argument to the contrary, and as I have stated 
elsewhere, I think that nuggets are simply more or less rolled masses 
of gold which have been set free from disintegrated veins. 


I hope to continue this subject, and to ascertain, if possible, whether 
there is any appreciable difference in the chemical composition of the 
gold crystals in different parts of the nugget. 


CVI.—The Yellow Colouring eesneiete fo Various 
Tannin Matters 


By ArtHur GeEorGE PERKIN, F.R.S.E, 


Tus investigation, a continuation of those already communicated to 
the Society (Trans., 1896, 1289, 1299, and 1303), was undertaken 
with the object of studying the yellow colouring principles which appear 
in numerous cases to accompany the natural tannin matters. It seemed 
probable that, as both the Myrica nagi and Rhus Coriaria (loc. cit.) 
were found to contain the new colouring matter, myricetin, which is 
apparently an hydroxyquercetin, other missing members of the quer- 
cetin and allied series might thus be brought to light. At the same 
time, it was interesting to determine, by the character of their decom- 
position products, how close the relationship is which exists between 
the colouring principle and tannin matter accompanying one .another 
in the same plant. 
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Cape Sumach. 


My attention was drawn to this material by Professor Procter 
during its examination as a tanning material in the Leather Industries 
department of this College, and to him I am also indebted for the 
subjoined description of its general properties. 

The leaf of Colpoon compressum (also known as Osyris compressa, 
Fusanus compressus, Thesium Colpoon) is much used in South Africa 
under the Dutch name of “‘ Pruim-bast,”’ as a substitute for sumach for 
tanning. The bush is found in the mountains, where it grows to the 
height of about six feet, and only the younger leaves are gathered. 

According to analyses made in the Leather Industries labora- 
tory, and also by Mr. A. N. Palmer, it contains about 23 per cent. of a 
catechol-tannin giving green-blacks with ferric salts, a precipitate with 
bromine water, and with ammoniacal cupric solutions a precipitate 
which is soluble in excess of ammonia. It is quite as strong as the 
average Sicilian sumach (Rhus Coriaria), and although its tannin is very 
different chemically from that in the latter, it produces a very similar 
leather. Its employment, like that of the true sumach, is confined to 
the tannage of light leathers and to brightening the colour of. goods 
which have been tanned with the bark of Rhus Thunbergii and other 
darker coloured materials. Alone, it produces a somewhat soft but 
light-yellow leather. In South Africa, the leaves are exhausted with hot 
water and the liquor alone is used, whilst in the case of the true sumach 
both leaves and liquor are usually brought in contact with the leather. 
For the supply of the leaves employed in this investigation, I am 
indebted to the kindness of Mr. R. H. Coaton, of Wellington, Cape 
of Good Hope. _ 

The leaves, roughly broken by hand, were extracted in a Soxhlet’s 
apparatus, first with ether to remove wax and chlorophyll, and sub- 
sequently with alcohol, which dissolved both colouring matter and 
tanning principles. The light brown alcoholic extract, after being 
evaporated to a small bulk, was poured into water, the mixture extracted 
with ether, and the small quantity of aleohol present removed from 
the aqueous liquid by distillation, which on cooling became semi-solid 
owing to the separation of crystals ; these were collected with the aid 
of the pump, and washed repeatedly with ether, chloroform, and dilute 
alcohol until the washings were colourless. The yellow product thus 
obtained was further purified by two or three crystallisations from 
dilute alcohol, and a final crystallisation from boiling water. The 
substance was dried at 130° and analysed. 

0°1136 gave 0°2152 CO, and 0:0497 H,O. C=51:66; H=4°86. 

01103 ,, 0°2102 CO, ,, 0°0526 H,O. C=51:97; H=5-29. 

C,,H,,0,- requires C=51'76 ; H=4-79 per cent. 
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It was obtained as a glistening mass of pale yellow needles, almost 
insoluble in cold, and only sparingly soluble in boiling water, but 
readily in alcohol. When heated, it sinters at 180°, and at 185° melts 
to a thick, treacly liquid. The addition of ferric chloride to its aqueous 
solution produced a dark green coloration, and with lead acetate an 
orange-yellow precipitate was formed. Dilute alkalis dissolved it, 
yielding orange-yellow liquids. 

Experiment having shown that this substance was a glucoside, its 
decomposition with acid was studied in the following manner. 

0°7658 gram, dissolved in 600 c.c. of boiling water, was digested with 
5 c.c. of sulphuric acid for 2 hours at this temperature; a yellow, 
crystalline product had then commenced to separate, and more of it 
was deposited on cooling. This was collected (the filtrate being re- 
served for further examination), washed with water, and dried at 
160°. In this way, 0°3710 gram of a yellow colouring matter was 
obtained. 


01111 gave 0°2427 CO, and 0:0370 H,O. C=59'58; H=3-70. 
C,;H,,O, requires C =59°60 ; H=3°31 per cent. 


It formed a glistening mass of yellow needles sparingly soluble in 
water, somewhat readily in alcohol. In alcoholic solution ferric chloride 
caused a dark green coloration, and lead acetate gave an orange-red 
precipitate. 

The acetyl derivative, prepared in the usual manner, crystallised 
from alcohol in colourless needles melting at 189—191°. 


0°1195 gave 0'2567 CO,+0:0462 H,O. C=58-65; H=4:29. 
C,;H;0,(C,H,O), requires C=58°59 ; H=3-90 per cent. 


By fusion with alkali, two crystalline decomposition products were 
obtained melting respectively at 210° and 195—196°; these consisted 
of phloroglucinol and protocatechuic acid. The colouring matter result- 
ing from the decomposition of the glucoside was evidently, therefore, 
quercetin, a fact also corroborated on examining its dyeing properties. 

The Sugar.—In order to obtain some insight as to the nature of the 
sugar liberated in the above action, the acid filtrate from the quercetin 
was neutralised with barium carbonate, filtered, and evaporated to a 
small bulk. The amount of the sugar present in this solution being 
obviously too small to allow of its identification by means of crystal- 
lisation and analysis, the liquid was treated with phenylhydrazine 
acetate in the presence of sodium acetate in order to obtain the 
osazone, and the crystalline product formed was purified by extraction 
with small quantities of acetone and subsequent crystallisation from 
dilute alcohol. It consisted of glistening, yellow needles melting at 
205°, apparently deatrosazone. 
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The decomposition of the glucoside with acid can be therefore repre- 

sented by the equation 
Cy7H 540); + 2H,0 = C,;H,,0; + 20,0, 

This reaction requires a yield of 48°24 per cent. of quercetin, 
whereas the amount actually obtained (see above) is equal to 48°44 
per cent, 

Three distinct glucosides of quercetin have been described, of which 
quercitrin and rutin are the best known. The former, which occurs in 
quercitron bark, is decomposed by acid into quercetin and one mole- 
cule of rhamnose, whereas the latter, a constituent of rue (Ruta grave- 
olens), when so treated, yields quercetin and two molecules of the same 
sugar. Viola-quercitrin, the third, obtained by Mandelin (Jahresber., 
1883, 1369) from the flowers of Viola tricolor variensis, gave, in a similar 
way, quercetin and glucose, as indicated by the following equation, 
which is based upon the old formula of this colouring matter. 


C,H 4.02, + 5H,0 = CH) 60), + 3C5H 0g. 


As Mandelin’s full paper is published in the Russian Pharmaceutical 
Journal, to which I have not access, it is not possible to be certain 
whether this equation is based upon the quantity of quercetin liberated 
when this glucoside is decomposed by acid. Consequently, the formula 
of viola-quercitrin, C,,H,,0,, (C=54°19 ; H=4°51), if corrected ac- 
cording to the true formula of quercetin, may be expressed in two ways. 

C.,H.,0,. (C= 54:31; H=4°31) or C,,H,,0,, (C=54:'91; H= 4-40). 
Cy, H5)0). + HO = C,;H,,0, + CeH,.0,.. 
O.;H0,; + 4H,0 = C,;H,,0; + 20,H.0,. 

Of these, the latter formula, though possessing a somewhat high per- 
centage composition, would appear more probable, giving, as it does, a 
yield of quercetin (51°19 per cent.) which closely agrees with that 
required by Mandelin’s own equation (51°61 per cent.). These figures, 
however, prove without doubt that the glucoside present in Cape sumach 
cannot be identical with viola-quercitrin, and must therefore be a new 
glucoside of quercetin. It is proposed to name this substance Osyritrin, 
derived from one of the names of Cape sumach (Osyris compressa). 

The Tannin.—Although it is not intended in these investigations to 
study thoroughly the tannin matters which are present in the plants 
under investigation, it is desirable to determine the general character- 
istics of those not previously isolated, as in the case of Cape sumach, 
for comparison with the accompanying colouring matters. For this 
purpose, the light-brown filtrate from the osyritrin, after removal of 
final traces of this glucoside by further evaporation and cooling, was 
treated with lead acetate solution drop by drop until, on filtration from 
the dark-coloured precipitate, a pale orange-coloured liquid was ob- 
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tained ; the latter was then treated with sulphuretted hydrogen to 
remove lead, and evaporated to dryness. 

In this way, an orange-coloured, hygroscopic, transparent, glassy 
mass was obtained which, in aqueous solution, coagulated albumin and 
gave a dark green coloration with ferric chloride. Dilute alkalis dis- 
solved it, forming orange-yellow solutions which became darker on 
heating, and on exposure to air developed a blood-red tint. It was 
found to be a tannin glucoside, for on treatment with boiling dilute 
sulphuric acid there was formed, together with a sugar, a reddish-brown, 
insoluble product closely resembling the so-called anhydrides or phlobo- 
phanes which are produced from so many tannin matters in this way. 
On fusion with alkali, both glucoside and anhydride yielded proto- 
catechuic acid. 

This tannin closely resembles, both in description and properties, 
quinotannic acid (Schwarz, Jahresber., 1851, 411) and quinovatannic acid 
(Hlasiwetz, Annalen, ‘79, 129), which are decomposed by acid into 
a sugur and an anhydride, and yield protocatechuic acid on fusion with 
alkali. 

Dyeing trials with Cape sumach were carried out on woollen cloth 
mordanted with chromium, aluminium, tin, and iron; full buff, pale 
orange yellow, pale yellow, and pale greenish-black shades were 
obtained, respectively. 


Catechu. 


Two varieties of this well-known commercial product exist, namely, 
gambier and acacia catechus, which are derived respectively from the 
leaves and twigs of the Ungarica gambier and the stem of the Acacia 
catechu. The yellow colouring matter present in the former was isolated 
by Léwe (Zeit. anal. Chem,, 1874, 12, 127) and considered by him to 
be identical with quercetin, whereas the latter has apparently not been 
examined in this respect. Owing to the close similarity in appearance 
of the principal members of the quercetin group, and the lack of con- 
firmatory evidence given by Liwe in his paper, as to the identity of his 
colouring matter with quercetin, it was considered advisable to re- 
examine the gambier variety in order to determine the accuracy of 
this result. For the material employed in this portion of the investi- 
gation, I am indebted to the authorities of the Imperial Institute. 

Gambier Catechu.—Two hundred grams dissolved in 1500 c.c. of water 
were boiled with 100 c.c. of sulphuric acid for 15 minutes. The clear 
liquid was decanted from the brown deposit while hot, cooled, extracted 
with ether, and the extract evaporated. The yellow, crystalline mass 
thus obtained was purified by crystallisation from dilute alcohol. 


01117 gave 0°2445 CO, and 0°0365 H,O. C=59°69; H=3°63. 
C,;H,,0, requires C=59°60 ; H=3°31 per cent. 
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The acetyl compound, prepared in the usual manner, formed colourless 
needles melting at 189—191°. 


01209 gave 0:2594 CO, and 0:0451 H,O. C=5851; H=4°14. 
C,,H,0,(C,H,0), requires C=58'59 ; H =3-90 per cent. 


2 


On fusion with alkali, protocatechuic acid and phloroglucinol were ob- 
tained, and from these and its general properties no doubt could exist 
as to the identity of this colouring matter with quercetin. 

Acacia Catechu.—Experiments at first indicated that this product 
contained no yellow colouring matter; but eventually a trace was 
isolated in the following manner. 

The ethereal extract corresponding with that obtained from the 
gambier catechu, on evaporation, yielded an almost colourless, sticky 
product soluble in water. This, after treatment with aqueous sodium 
hydrogen carbonate, was again extracted with ether, and the extract 
evaporated ; on adding water to the. residue, a very small quantity of 
yellow precipitate separated, which was collected and crystallised from 
dilute alcohol. In this manner, 400 grams of the catechu yielded but 
0°05 gram of colouring matter, consequently its analysis could not be at- 
tempted. As, however, its acetyl compound melted at 189—191°, and 
its dyeing and other properties corresponded with those of quercetin, it 
evidently consisted of this colouring matter. 


Rhus Cotinus. 


In a previous communication (Joc. cit.), it was shown that, contrary to 
Liwe’s statement, Sicilian sumach (Rhus Coriaria) contains myricetin 
and not quercetin ; on this account, special interest attached to the 
examination of the Venetian variety (2. Cotinus) which Léwe also states 
to contain quercetin. Through the kindness of Signor A. Gilardini, of 
Turin, a commercial sample of this material was procured. From this, 
by proceeding in the manner previously adopted (loc. cit.), a yellow 
colouring matter was obtained closely resembling quercetin in appear- 
ance, but yielding with dilute alkalis a deep green solution. It thus 
appeared to be, not quercetin, but myricetin, and this was confirmed by 
the fact that its acetyl derivative crystallised in colourless needles 
melting at 203—204°. Owing, however, to the excessive adulteration 
which is practised with the various commercial sumachs, and the fact 
that this sample was in the form of powder, it appeared best to postpone 
the communication of the analytical and other details connected with this 
portion of the work until confirmatory evidence had been obtained with 
a specially gathered sample. Seeing, however, that this material was 
reported to be genuine, and that no trace of quercetin could be detected 
in the product, the result is extremely suggestive. 
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Other Tannin Matters. 


During the study of the above tannins, my attention was directed 
to that well-known group of this class, which differ from those 
previously examined in that they consist of the seeds and fruit of 
various plants. As all, on examination, have given a similar result, 
they will be considered together. 

These are, “ Valonia,” the acorn of Quercus Afgilops ; “ Dividivi,” 
the seed pods of Cesalpina coriaria ; “‘ Mryabolans,” the unripe fruit 
of Terminalia Chebula ; “ Agarobilla,” the seed pods of Cesalpina 
brevifolia ; Pomegranate rind, Punica Granatum, and gallnuts, Quercus 
infectoria. 

An exhaustive investigation of these products, employing in each 
case numerous methods, showed clearly that they contained no member 
of the quercetin or allied series. As all are known to contain ellagic 
acid, or ellagitannic acid from which ellagic acid is readily obtained, 
it appeared probable that to this substance alone their yellow dyeing 
property was due. This was found to be the case, the shades yielded 
by pure ellagic acid being almost identical with those given by the 
natural products themselves. 

The dyeing properties of all have been studied, but are so very 
similar that, for the sake of comparison, three only are here referred to. 
The material employed was woollen cloth mordanted with chromium, 
aluminium, tin, and iron. 


| 


_ Chromium. Aluminium. Tin. Iron. 
Ellagic acid. Pale green olive- | Pale olive- | Scarcely dyed.| Somewhat olive 
yellow. yellow. grey-black. 


Valonia nuts. | Green olive-yellow.’ Faint olive. | Scarcely dyed.| Weak grey-black. 


Pomegranate rind.| Yellow olive. Faint olive. | Scarcely dyed.| Weak bluish grey- 
black. 


Gallnuts. Green olive. Faint olive. | Scarcely dyed.| Purplish-black. 


The fact that ellagic acid is possessed of dyeing property is not 
novel, for it forms the subject of a German patent, the material 
coming into the market in the form of a paste. 

It is interesting to note that, whereas members of the quercetin 
group occur frequently in the flowers, leaves, and stems of plants, few 
instances are known of their existence in seeds and fruits, the most 
notable exceptions being Persian berries which contain rhamnetin and 
quercetin, and parsely seeds in which apiin is present. From the 
VOL. LXXI. 4 H* 
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above and previous results, a very intimate connection is at once 
evident between the colouring principles and tannin matters occurring 
together in the plants at present examined, in that, on decom- 
position, the same acid, and in some cases the same phenol, is obtained 


from both. 


Decomposition 
products of 

| colouring matter. 

| 


Decompositionpro-. Colouring 


ducts of tannin. | 


Tannin. 
* matter. 


Querbracho Querbracho-| Phloroglucinol Fisetin. Resorcinol and 
colon ado, tannic acid. | and protocate- | protocatechuic 
chuic acid. acid. 


Rhus Coriaria \ Gallotannic Gallic acid. | Myricetin. | Phloroglucinol 


Rhus Cotinus acid. | and gallic acid. 


Gambier erg Catechin. Phloroglucinol | Quercetin. | Phloroglucinol 
Acacia Catechu Jf| Pe and protocate- ‘i and protocate- 
chuic acid. chuic acid. 


Colpoon A catechol | Protocatechuic | Quercetin. | Phloroglucinol 


compressum,. tannin. acid. and protocate- 
chuic acid. 


Dividivi, &c. | Ellagitannic Ellagic acid. _— 
acid. 


| 


Whether so close a relationship will hold good in all cases is doubt- 
ful, although it is remarkable that the above group should contain no 
exception to this rule. 

CLOTHWORKERS’ RESEARCH LABORATORY, 


DyrInc DEPARTMENT, 
YORKSHIRE COLLEGE. 
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Other Tannin Matters. 


During the study of the above tannins, my attention was directed 
to that well-known group of this class, which differ from those 
previously examined in that they consist of the seeds and fruit of 
various plants. As all, on examination, have given a similar result, 
they will be considered together. 

These are, “ Valonia,” the acorn of Quercus Agilops; “ Dividivi,”’ 
the seed pods of Cesalpina coriaria ; “‘ Mryabolans,” the unripe fruit 
of Terminalia Chebula ; “ Agarobilla,” the seed pods of Casalpina 
brevifolia ; Pomegranate rind, Punica Granatum, and gallnuts, Quercus 
infectoria. 

An exhaustive investigation of these products, employing in each 
case numerous methods, showed clearly that they contained no member 
of the quercetin or allied series. As all are known to contain ellagic 
acid, or ellagitannic acid from which ellagic acid is readily obtained, 
it appeared probable that to this substance alone their yellow dyeing 
property was due. This was found to be the case, the shades yielded 
by pure ellagic acid being almost identical with those given by the 
natural products themselves. 

The dyeing properties of all have been studied, but are so very 
similar that, for the sake of comparison, three only are here referred to. 
The material employed was woollen cloth mordanted with chromium, 
aluminium, tin, and iron. 


Chromium. Aluminium. Tin. Tron. 


Ellagic acid. Pale green olive- | Pale olive- | Scarcely dyed.) Somewhat olive 
yellow. | yellow. grey-black. 


Valonia nuts. | Green olive-yellow.| Faint olive. | Scarcely dyed.| Weak grey-black. 


Pomegranate rind.| Yellow olive. | Faint olive. Scarcely dyed.| Weak bluish grey- 
| black. 


Gallnuts. Green olive. | Faint olive. | Scarcely dyed.| Purplish-black. 


The fact that ellagic acid is possessed of dyeing property is not 
novel, for it forms the subject of a German patent, the material 
coming into the market in the form of a paste. 

It is interesting to note that, whereas members of the quercetin 
group occur frequently in the flowers, leaves, and stems of plants, few 
instances are known of their existence in seeds and fruits, the most 
notable exceptions being Persian berries which contain rhamnetin and 
quercetin, and parsely seeds in which apiin is present. From the 
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above and previous results, a very intimate connection is at once 
evident between the colouring principles and tannin matters occurring 
together. in the plants at present examined, in that, on decom- 
position, the same acid, and in some cases the same phenol, is obtained 
from both. 


ve . Decomposition 
. Decompositionpro-| Colouring 
ae Tannin. | gucts of tannin. | matter. products of 
colouring matter. 
Querbracho Querbracho- | Phloroglucinol Fisetin. Resorcinol and 
colorado, tannic acid. | and protocate- protocatechuic 
chuic acid. acid. 
Rhus Coriaria \| Gallotannic Gallic acid. Myricetin. | Phloroglucinol 
Rhus Cotinus acid. and gallic acid. 
GambierCatechu\| Catechin. Phloroglucinol | Quercetin. | Phloroglucinol 
Acacia Catechu f “ and protocate- ee and protocate- 
chuic acid. chuic acid. 
Colpoon A catechol | Protocatechuic | Quercetin. | Phloroglucinol 
compressum. tannin. acid. and protocate- 
chuic acid. 
Dividivi, &c. | Ellagitannic _ Ellagic acid. — 
acid. 


Whether so close a relationship will hold good in all cases is doubt- 
ful, although it is remarkable that the above group should contain no 
exception to this rule. 

CLOTHWORKERS’ RESEARCH LABORATORY, 


DyEiInG DEPARTMENT, 
YORKSHIRE COLLEGE. 


CVII.—Ammonia and Phenylhydrazine Derivatives 
of aB-Dibenzoylcinnamene (Anhydracetophenorebenzil). 


By Francis R. Jarp, F.R.S., and Atrrep Tine, B.Sc. 


aB-Dibenzoyleinnamene (anhydracetophenonebenzil) was obtained by 
Japp and Miller (Trans., 1885, 47, 35) by the condensation of benzil 
with acetophenone. They ascribed to it the constitution 
cre de ie 
C,H,*CO CO-C,H,’ 
which has served as the basis of all subsequent discussions regarding 


the reactions of this compound. The results of the present investi- 
gation, however, lead us to suggest a modification of this formula. 
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Ammonia Derivatives. 


Japp and Klingemann (Ber., 1888, 21, 2936; Trans., 1890, 57, 
691) studied the action of ammonia on dibenzoylcinnamene. The re- 
action occurred according to the equation, 


and the compound produced (m. p. about 180°), to which the name 
dibenzoylcinnamenimide was provisionally given, was chiefly remark- 
able for the ease with which it changed into the isomeric triphenyl- 


pyrrholone, a (m. p. 221°). Thus, on melting, it re- 


solidified almost immediately, owing to its conversion into the latter 
compound. Nearly every reaction that was tried with it brought 
about the same transformation ; boiling it with acetic anhydride, or 
with acetic acid, or with a mixture of equal volumes of sulphuric acid 
and water, or heating it with an alcoholic solution of phenylhydrazine at 
100°, converted it into triphenylpyrrholone. Even boiling with alcohol 
alone, if continued sufficiently long, was found to effect this change. 

From the foregoing, it is evident that only those reactions which do 
not involve heating or rise of temperature can be trusted to throw 
light on the constitution of dibenzoylcinnamenimide, as otherwise the 
compounds obtained may be merely derivatives of triphenylpyrrholone. 
Thus Japp and Klingemann found that, by reducing dibenzoylcinna- 
menimide in boiling alcoholic solution with metallic sodium, they 
obtained triphenylpyrrholidone, the dihydro-derivative of tripheny]l- 
pyrrholone. The only compound which they succeeded in preparing 
from dibenzoylcinnamenimide at the ordinary temperature was a di- 
bromide. (Triphenylpyrrholone yields with bromine only a very un- 
stable additive compound which cannot be’ isolated.) But, beyond 
proving the unsaturated character of dibenzoylcinnamenimide, the 
formation of the dibromide threw no light on its constitution. Heated 
with alcoholic potash, the dibromide yielded triphenylpyrrholone. 

The authors have studied the behaviour of dibenzoylcinnamenimide 
towards various reagents at ordinary temperatures. In two cases only 
did they obtain positive results ; but from these a conclusion can be 
drawn as to the constitution of the compound. 

By oxidation with chromium trioxide in acetic acid solution in the 
cold, dibenzoylcinnamenimide yields dibenzamide and dibenzoylcin- 
namene. Some benzamide is also obtained, formed, probably, by the 
partial hydrolysis of dibenzamide, the primary product. The regenera- 
tion of dibenzoylcinnamene is important, as it shows that, in the for- 


4H 2 
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mation of dibenzoylcinnamenimide, no rearrangement of the original 
dibenzoyleinnamene complex, such as is required when triphenyl- 
pyrrholone is produced, occurs. 

Byreducing dibenzoylcinnamenimide, in acetic acid solution, with zinc 
dust in the cold, A, Smith’s “triphenylpyrroline” (triphenylpyrrhole*) 
melting at 140—141° (Trans., 1890, 57, 645) is formed. 

We also tried the action of alcoholic or acetic acid solutions of 
hydrogen chloride on dibenzoyleinnamenimide, hoping to convert it 
into a triphenylchlorpyrrhole, just as dibenzoylcinnamene yields, 
under these conditions, triphenylchlorfurfuran ; but the only product 
was a sparingly soluble, unstable hydrochloride, which did not give 
concordant figures on analysis. 

Of these results, that which throws most light on the constitution 
of dibenzoylcinnamenimide is the formation of dibenzamide during 
oxidation ; this clearly proves that the compound contains the grouping 
O,H,"C*N*C-C.H;. Further, if we are to assume, as seems simplest, 
that dibenzoyleinnamene has a constitution analogous to that of 
dibenzoylcinnamenimide, the former must contain the grouping 


O,H,"C-0-C-O,H;. 
Taking into account the mode of formation of these two compounds; 

the only formule which would appear to satisfy the required conditions 
are ; 
C,H,*C——-—CH C,H,*C——CH 

O 

me CH CC SO-C,H, 
NH 
Dibenzoylcinnamene?t (m. p. 129°). Dibenzoylcinnamenimide. 
(Anhydracetophenonebenzil). 

These formule appear to us to afford a more satisfactory explanation 
of the reactions of the two compounds than the formula which Japp 
and Miller assigned to dibenzoylcinnamene and either of the two 
formule which would follow from it for dibenzoylcinnamenimide by 
replacing either of the oxygen atoms by the imido-group. The latter 
formule would, of course, give no explanation of the formation of 
dibenzamide. 

Thus the formation of triphenylfurfuran and triphenylpyrrhole 

* In this paper “‘pyrrhole” is used as synonomous with “ pyrroline” or 
*€ pyrrol,”—[Ep1Tonr. ] ; 

t If this formula be adopted, the systematic name dibenzoylcinnamene will, of 
course, be no longer appropriate. The old name, anhydracetophenonebenzil, to which 
one might revert, is unfortunately very clumsy, and it is not easy to invent syste- 
matic names for compounds of the above formule. We therefore, even at the risk 
of misdescribing the compounds, continue to refer to them as dibe lei ene 


and dibensoylcinnamenimide, 
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respectively in the reduction of dibenzoyleinnamene and dibenzoyl- 
cinnamenimide would consist merely in the withdrawal of an atom of 
oxygen and a redistribution of the bonds in the closed chain : 
C,H,-C—CH 
nm 
C,H,;C C-C,H, 
a 


O 
Tripheny]furfuran. Triphenylpyrrhole. 


This expanation is certainly simpler than that given by Japp and 
Klingemann (Trans., 1890, 57, 663), based on the old formula for 
dibenzoylcinnamene. 

The isomeric change of dibenzoylcinnamene into trighpaglerstalne- 
tone, and of dibenzoylcinnamenimide into triphenylpyrrholone, on 
heating, a process which in both cases is equivalent to a ‘‘ benzilic 
acid migration ” (“‘ pinacoline migration”), is very simply explained 
by the new formule, which must be conceived as changing into 

(C,H5).0 CH and (C,H;),C-—-CH 
CO C-0,H, 
a 
O 
Triphenylcrotolactone. Triphenylpyrrholone. 

If the foregoing formule for dibenzoylcinnamene and dibenzoy]l- 
cinnamenimide are adopted, it will be necessary to adopt corresponding 
formule for dibenzoylstilbene (Zinin’s “acicular oxylepiden”’) and 
dibenzoy|lstilbenimide : 

C,H,* C——0:-C,H, 
| O 
0,H, OC S0-0,H 


Nt 
0 


Dibenzoylstilbene (m. p. 220°). Dibenzoylstilbenimide. 
(Compare Klingemann and Laycock, Trans., 1891, 59, 142.) 

These new formule for dibenzoylcinnamene and dibenzolystilbene 
would possibly account for the highly anomalous interaction of these 
compounds with phenylhydrazine (Japp and Huntly, Trans., 1888, 53, 
184 ; Japp and Klingemann, Trans., 1890, 57, 708; Klingemann, 
Annalen, 269, 104), a behaviour which their constitution as unsatu- 
rated y-diketones would hardly explain. 

Dibenzoylcinnamene and dibenzoylstilbene are each known in two 
modifications, which Japp and Klingemann (Trans., 1890, 57, 667) 
regard as maleoid * and fumaroid. Of course, only the maleoid (cis) 

* The form “ maleinoid,” affected by most English chemists, is appropriate 
enough in the language which calls maleic acid ‘* Maleinsiure.” But that language 
is not English. 
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forms can be formulated in this new way; the fumaroid (trans) forms, 


C.H,° C-CO-C,H, _ O,H,"C-CO-C,H, 
C,H,*CO°C-H C,H,°CO-C-C,H, 
Isodibenzoylcinnamene (m. p. 198°). Isodibenzoylstilbene (m. p. 232°). 
(Zinin’s ‘‘ octahedral oxylepiden.”) 
remain unsaturated y-diketones as before. 

That, in the foregoing maleoid formule, two carbon atoms situated 
in the y-position relatively to one another should be linked together 
by oxygen, is quite in accordance with analogy. The question, how- 
ever, is whether two oxygen atoms can simultaneously perform this 
function for the same two carbon atoms. Further investigation alone 
can decide this. 

Before leaving this subject, we may point out that there is a certain 
analogy between these formule and those proposed by Roser and 
Anschiitz for maleic and coumarinic acids, in which these acids are 
regarded as dihydroxy-y-lactones. In both cases, certain maleoids, 
previously regarded as open-chain compounds, are represented as 
containing a chain closed in the y-position by oxygen. 

In the foregoing discussion, we do not, of course, forget the possi- 
bility of ascribing to dibenzamide the unsymmetrical constitution 
O,H,:C(NH)-0-CO:C,H,. But this constitution, which on other 
grounds is improbable,* would render the production of dibenzamide 
in the oxidation of dibenzoylcinnamenimide quite inexplicable. 

In view of the ease with which dibenzoylcinnamenide is converted 
into triphenylpyrrholone, it seemed of importance to ascertain that it 
was not the latter compound that yielded dibenzamide on oxidation. 
This was, however, very improbable, not to say impossible, as an 
inspection of the formula of triphenylpyrrholone will show. It was 
found that triphenylpyrrholone, on oxidation, took up an atom of 
oxygen, yielding a compound C,,H,,NO, (m. p. 168°). Leaving out of 
consideration the question of tautomeric forms, of which four are con- 
ceivable, this compound might be represented as a triphenylhydroxy- 
(CoH5)o0 C-OH ; 

CO C-C,H, 
7 
NH 
soda, it evolves ammonia, and yields a mixture of benzilic and benzoic 
acids. 

The difficulty of obtaining the substance in quantity precluded a 
more thorough study of its reactions. 

The oxidation of triphenylpyrrholone thus differs from that of 


pyrrholone, On boiling it with strong caustic 


* The formation of dibenzamide from lophine by oxidation is in itself conclusive 
evidence in favour of the symmetrical formula for dibenzamide. 
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N-methyltriphenylpyrrholone, the latter compound taking up two 
atoms of oxygen in the process (Trans., 1890, 57, 701). 


Phenylhydrazine Derivatives. 


The action of phenylhydrazine on dibenzoylcinnamene was first 
studied by Japp and Huntly (Trans., 1888, 53, 184), who obtained a 
compound, C,,H,.N, (m. p. about 230°, with decomposition). The 
subject was further investigated by Japp and Klingemann (Trans., 
1890, 57, 708), who showed that, in addition to the foregoing, two other 
substances were formed ; a compound, C,,H,.N,O (m. p. 173—174°), 
which has the composition of a monohydrazone of dibenzoylcinnamene, 
and a compound, C,,H,,N, (m. p. 206°), which they regarded as a 
triphenylpyrazole—either the 1:3:4 or the 1:4:5 form. The 1:3:5- 
triphenylpyrazole, from dibenzoylmethane and phenylhydrazine, had 
previously been prepared by Knorr and Laubmann (Ber., 1888, 21, 
1206), and was quite distinct from this compound. 

Since then, Bischler (Ber., 1893, 26, 1889) has prepared the 1: 4: 5- 
triphenylpyrazole. Except as regards the melting point, which he 
gives at 212°, or 6° higher than that given by Japp and Klingemann, 
the compound agrees in its properties with that described by them, 
and is doubtless identical with it. 

We now find that the third of the three possible triphenylpyrazoles 
derivable from phenylhydrazine, namely, the 1 : 3 : 4-triphenylpyrazole 
(m. p. 183°), can be prepared by the destructive distillation of the 
foregoing compound, C,,H,.N,.* The yield is small. 

Thus, starting with dibenzoylcinnamene and phenylhydrazine, both 
the 1: 3:4- and the 1 : 3: 5-triphenylpyrazole! can be obtained, a ben- 
zoyl group being eliminated in each case. Of the two possible ways 


* A. Smith describes (Trans., 1890, 57, 647) acompound of the formula C,,H,.N», 
melting at 149°, which he obtained by the action of phenylhydrazine on desylaceto- 
phenone, the saturated diketone corresponding with dibenzoylcinnamene. He 
regards it as a tetraphenyldihydro-1:2-diazine. It is quite distinct from the 
compound C,,H..N, (m. p. about 230°) obtained by Japp and Huntly. 

[Professor Smith wrote to me (July, 1893) stating that he had obtained, by the 
destructive distillation of his tetraphenyldihydro-1 ; 2-diazine, a compound melting 
at 185° which gave figures agreeing with the formula CH,;N,. In my reply, I 
informed him of the above result, obtained in the destructive distillation of Japp and 
Huntly’s compound, and forwarded to him a specimen of the compound melting at 
183°, stating my belief that he would find the two substances to be identical, and that 
the compound had the formula C,,H,,N,, and was a triphenylpyrazole, either 
1:3:40r1:4:5. (Lhad not then seen Bischler’s work on 1 : 4: 5-triphenylpyrazole.) 
Professor Smith was kind enough to make a comparison of the two substances, and 
found them to be in every respect identical, except as regards the slight difference in 
the melting points (compare Annalen, 1896, 289, 332). Doubtless, the higher melting 
point, 185°, given by Professor Smith is correct, as his method furnishes a better 
yield, and he was thus enabled to purify the substance more thoroughly.—F. R. J.] 
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in which dibenzoyleinnamene can be hydrolysed with elimination of 
a benzoyl group, one way would yield phenylbenzoylacetaldehyde, 
Cen CRO (compare Trans., 1890, 57, 762), and this B-dicar- 
C,H,*CO 

bonyl compound, being unsymmetrical, might interact with phenyl- 
hydrazine in two different ways, yielding respectively 


1:3 :4-Triphenylpyrazole. 1:4:5-Triphenylpyrazole. 


The process is, of course, not quite so simple as here represented, 
intermediate stages, such as the formation of the compound C,,H,.N, 
(m. p. about 230°), having been left out of consideration. "We merely 
wish to indicate the necessary connection between the constitution of 
dibenzoylcinnamene and that of the two resulting triphenylpyrazoles. 

Regarding the constitution of the compound C,,H,.N,., obtained by 
the interaction of dibenzoyleinnamene and phenylhydrazine, we are 
not in a position to draw aconclusion. Jappand Klingemann (Trans., 
1890, 57, 671) suggested that it might be an anilidotriphenylpyrrhole, 


and Klingemann (Annalen, 1892, 269, 112) has 


shown that the corresponding compound, C,,H.,N,, from dibenzoyl- 
stilbene and phenylhydrazine, actually has the constitution of an 
CoHs FC" CoH, inasmuch as it yields, by 


antlidotetraphenylpyrrhole 
pieny pyri, OT OCH, 


N-NH-0,H, 


destructive distillation, the tetraphenylpyrrhole, CoH; 


But the totally different behaviour of the compound a in this 
respect shows that it has a different constitution. It yields, on de- 
structive distillation, not a triphenylpyrrhole, as it ought to do, if it 
had the constitution suggested by Japp and Klingemann, but a tri- 
phenylpyrazole, a compound containing two nitrogen atoms in the 
closed chain. It is probable, therefore, that in the compound 
C,,H,.N, both nitrogen atoms already form part of a closed chain. 
This would give it a constitution analogous to, or identical with, that 
assigned by A. Smith to the tetraphenyldihydro-1 : 2-diazine already 
mentioned. Klingemann (/oc. cit., p. 109), however, has adduced various 
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arguments tending to prove that the molecular formula C,,H..N, 
should be doubled ; and with this conclusion we are inclined to agree. 
Unfortunately, the insolubility of the compound precludes a determina- 
tion of the molecular weight by Raoult’s method. 


EXPERIMENTAL. 


Oxidation of Dibenzoylcinnamenimide. Formation of Dibenzamide.— 
Twenty grams of finely powdered dibenzoylcinnamenimide were dis- 
solved in glacial acetic acid in the cold (heating must be avoided, as it 
converts the dibenzoylcinnamenimide into triphenylcrotolactone), and 
15 grams of chromium trioxide, also dissolved in glacial acetic acid, 
were gradually added, the flask being kept immersed in cold water 
during the process. The mixture was allowed to stand for. about a 
fortnight, at the end of which time the colour of the liquid showed 
that the chromium trioxide was still in excess, whilst a yellow solid 
had separated. The whole was then poured into a considerable excess 
of water; this occasioned a further precipitation of the yellow solid, 
which was separated by filtration, and the filtrate extracted thrice 
with ether. The ethereal solution, after being shaken with a solution 
of sodium carbonate to remove acetic and benzoic acids, was dried over 
calcium chloride and evaporated to dryness. The residue thus obtained 
was recrystallised from benzene, which deposited what proved to be 
a mixture of benzamide and dibenzamide. These were separated by 
boiling with a little water, which dissolved the benzamide, and the 
residue of dibenzamide was again recrystallised from benzene. 

The yellow solid was next dried and extracted with ether. The 
ethereal extract, treated as already described, yielded a further quantity 
of dibenzamide. The two portions were united and recrystallised from 
benzene, when the substance was thus obtained in needles melting at 
147° (m. p. of dibenzamide, 148°). The yield of purified substance 
was only 0°5 gram, but much of it was hydrolysed to monobenzamide 
and benzoic acid in the process of preparation. It was indistinguish- 
able from a specimen of dibenzamide prepared from benzonitrile, 
except that the latter melted one degree higher. Analysis gave figures 
agreeing with the formula of dibenzamide. 


01986 gave 05424 CO, and 0:0878 H,O. C=74:48; H=4°91. 
071213 ,, 13:5 .c.c. moist N at 20°2° and 385 mm. N=6:29. 
C,,H,,NO, requires © = 74°66 ; H= 4°89 ; N=6:22 per cent. 


From the solution obtained in treating the impure dibenzamide with 
hot water, we isolated some benzamide (m. p. 128°). This, as already 
mentioned, is doubtless formed by the partial hydrolysis of dibenzamide. 

From the yellow solid residue from which the dibenzamide had been 
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removed by treatment with ether, we succeeded in isolating dibenzoy/- 
cinnamene, which was identified by its crystalline form, its melting 
point (129°), and by analysis; it is produced by hydrolysis of diben- 
zoylcinnamenimide. This residue also contained unoxidised dibenzoyl- 
cinnamenimide, and its yellow colour was due to the presence of a 
chromate of this substance. The chromic acid can be removed by 
treatment with dilute ammonia. 

Reduction of Dibenzoyleinnamenimide. Formation of Triphenylpyr- 


rhole, CoHs'(—CH .—A solution of 10 grams of the imide in excess 
C,H,-C C-C,H, 
VW 


NH 

of glacial acetic acid was prepared as before and zinc dust added in 
small portions at a time, shaking the flask ; the completion of the 
reduction was indicated by the disappearance of the yellowish-green 
fluorescence characteristic of an acetic acid solution of dibenzoylcinna- 
menimide. The process was very rapid. The excess of zinc dust was 
removed by filiration, and the filtrate precipitated with water. The 
substance thus obtained was purified by recrystallisation, first from 
alcohol and afterwards from a mixture of ether and light petroleum. 
It formed tufts of silky, white needles, which showed a bluish fluor- 
escence, and melted at 140—141°. It is identical with the tripheny/l- 
pyrrhole prepared by A. Smith (Trans., 1890, 57, 645), by the action 
of ammonia on desylacetophenone*. Analysis gave figures agreeing 
with the expected formula, C,,.H,,N. 


0:2058 gave 0°6736 CO, and 01104 H,O. C=89°:26; H=5-96 
0:2552 ,, 10:2c.c. moist Nat 10° and 747mm. N=4°70. 
C,,H,,N requires C= 89°49; H=5-76; N=4-75 per cent. 


Oxidation of Triphenylpyrrholone. ~-Ten grams of triphenylpyrrho- 
lone were dissolved with the aid of heat in 250 c.c. of glacial acetic 
acid, and the liquid was cooled until crystals began to separate, after 
which a solution of 10 grams of chromium trioxide in very little water 
was gradually added. The temperature rose and the crystals redis- 
solved. The flask was cooled with water from time to time. After 
all the chromium trioxide had been added, the mixture was allowed to 
stand for half an hour and then precipitated by the addition of water. 
The white solid precipitate was extracted with ether, and the ethereal 
solution shaken with sodium carbonate, which removed acetic and 
benzoic acids. The purification of the white, crystalline substance 


* We are indebted to Professor Smith for a specimen of his substance ; it was 
indistinguishable from ours. Neither substance, however, gave the pyrrhole reaction 
referred to in his paper; but Professor Smith has since informed us privately that, 
on repeating this test, he also has obtained a negative result. 
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which remained on evaporating the ether was attended with some 
difficulty ; the following method gave the best results. The substance 
was dissolved, with the aid of heat, in a small quantity of ethylic 
acetate, and an equal volume of light petroleum (b. p. 50—60°) was 
added. On standing, and partly by spontaneous evaporation, two 
kinds of crystals were deposited : colourless, transparent, beautifully- 
shaped crystals, frequently of rhombohedral habit, and tufts, or 
warts, of a yellowish colour. As both substances seemed to have very 
nearly the same solubility in the various solvents which we tried, we 
separated the large crystals mechanically, and recrystallised them 
from the mixture of ethylic acetate and light petroleum. A consider- 
able quantity of gummy matter remains in the mother liquors, and 
repeated crystallisation was needed to free the compound from this. 

The clear crystals, which, when pure, melted constantly at 168°, 
were remarkable for their size and lustre. Their habit was in many 
cases so like that of rhombohedra of Iceland spar, that we were 
induced to try whether they exhibited an analogous double refraction. 
This was found to be the case ; and the separation of the two images 
was about as great as that produced by a rhombohedron of Iceland 
spar of the same thickness. The yield of pure substance varied in 
different experiments ; it was between 5 and 10 per cent. of the 
triphenylpyrrholone employed. Allowing the temperature to rise too 
high during the oxidation greatly diminishes the yield. 

Analysis showed that, in the formation of this compound, the tri- 
phenylpyrrholone had taken up an atom of oxygen, yielding a com- 
pound of the formula C,,.H,,NO,. 


0°2150 gave 0°6386 CO, and 0:0998 H,O. C=80°61; H=5:13. 
02240 ,, 06630 CO, ,, 0:1082 H,O. C=80°'72; H=5:36. 
0'2136 ,, 82c.c. moist N at 16° and 762mm. N=4'48. 
tne a SS ln 16° ,, 746mm. N=4°42, 
C,.H,,NO, requires C= 80°73 ; H=5:20; N= 4-28 per cent. 


In the introduction to this paper, we have formulated this compound 
as triphenylhydroxypyrrholone. It is insoluble in alkaline carbonates ; 
caustic alkalis act on it as described in the next section. 

The substance crystallising in warts was purified by recrystallisation 
from dilute alcohol, and was thus obtained in small, feathery needles 
melting at 163°. It is formed only in small quantity, and even the 
united products from several oxidation experiments did not suffice for 
analysis. 

Hydrolysis of Triphenylhydroxypyrrholone. Formation of Benzilic 
and Benzoic Acids.—About 2 grams of finely-powdered triphenyl- 
hydroxypyrrholone were boiled with a concentrated solution of caustic 
potash. At. first, the organic substance fused on the surface of the 
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liquid, whilst a smell resembling that of coumarin was noticeable ; on 
further heating, it resolidified, and ammonia was given off. The boil- 
ing was continued until the smell of ammonia was no longer per- 
ceptible ; during this process, the solid substance underwent no change 
in appearance. The whole was then poured into excess of hot water, 
in which everything dissolved. The solution was acidified with dilute 
sulphuric acid, which produced no immediate precipitate; but on 
standing overnight the liquid deposited feathery crystals of benzilic 
acid, which melted at 150—151°, and gave the characteristic bright 
red coloration with sulphuric acid. The identity of the substance was 
confirmed by careful comparison with an actual specimen of benzilic 
acid. ‘The weight obtained was 1 gram. 

The mother liquor, on extraction with ether, yielded benzoic acid, 
in quantity apparently about equal to the benzilic acid. 

It may be noted that the formation of 1 mol. of benzilic acid and 
1 mol. of benzoic acid leaves 1 atom of carbon in the molecule of 
triphenylhydropyrrholone uaaccounted for. 

Destructive Distillation of the Compound O,,H,.N,, obtained from 
Dibenzoyleinnamene and Phenylhydrazine. Formation of 1:3: 4-Tri- 
phenylpyrazole.—Five grams of the yellow compound, C,,H,,.N, (m. p. 
about 230°) were subjected to destructive distillation under reduced 
pressure. Ata temperature of about 340°, and under a pressure of 
35 mm., an oil, which solidified in the receiver, passed over, leaving a 
considerable residue in the flask. The distillate was recrystallised 
from alcohol, the solution being decolorised with animal charcoal. 
It was deposited in very slender, branching needles melting at 183°. 
It is sparingly soluble even in boiling alcohol ; readily in benzene ; the 
addition of light petroleum to the benzene solution causes it to 
separate in rosettes of needles. It is identical with the 1:3: 4-tri- 
phenylpyrazole described by A. Smith (Annalen, 1896, 289, 332), who, 
however, finds the melting point at 185°. (The latter figure is probably 
correct.) 

Analysis gave figures agreeing fairly well with the formula 
C,,H,,N,, but the carbon was somewhat high and the nitrogen 
slightly low. These deviations may have been due to the presence of 
an impurity which also affected the melting point. The quantity of 
substance at our disposal was small. 


0°1935 gave 0°6072 CO, and 0°0941 H,O. C=85°57; H=5-40. 

01645 ,, 05159CO, , 00800 H,O. C=85:52; H=5-40. 

0°1282 ,, 13:5 c.c. moist N at 22:°3° and 588 mm. N=9'14. 
C,,H,,N, requires C= 85°13; H=5°40; N=9-46. 
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CVIIL—Derivatives of Cotoin and Phloretin. 
By Artuur GeorceE Perkin and H, W. Martin. 


In a previous communication (Trans., 1897, 186), the acetylisation 
of disazobenzene-maclurin was studied, when:a well-defined, acetyl com- 
pound was obtained, which is not the case with maclurin itself. By 
treating the disazobenzene-derivatives of certain allied substances in a 
similar way, it seemed probable that the number of their hydroxy] 
groups, at present unknown, could be readily determined. Experiments 
in this direction have, and are still being carried out with the catechins 
and cyanomaclurin (Trans., 1895, 939), but in order to make certain as 
to the correct interpretation of the results so far obtained, it appeared 
desirable to have further evidence, derived from a study of analogous 
products, the number of hydroxyl groups in which have been already 
ascertained by the usual methods. For this purpose, cotoin and 
phloretin were chosen, they being not only closely allied to maclurin, 
but also of a constitution which indicated that they were capable of 
yielding derivatives with diazobenzene. As will be seen below, the 
results given by phloretin are peculiar, although cotoin behaves in a 
normal manner. 


Cotoin Azo-derivatives. 


This substance, C,,H,,0,, one of the constituents of coto bark, has 
been closely examined by Ciamician and Silber (Ber., 1894, 27, 409) ; 
and considering the facts that it forms a diacetyl compound, contains 
one methoxy-group, and on fusion with alkali yields phloroglucinol 
and benzoic acid, these authors have assigned to it the constitution of a 
monomethyl ether of benzoylphloroglucinol. 


C,H,(OCH,)(OH),*CO-C,H,. 


The acetyl derivative is best prepared by digestion with acetic an- 
hydride alone, for if anhydrous sodium acetate be at the same time 
employed, and especially if the action be prolonged, the acetyl deriva- 
tive of a monomethyl ether of metadioxyphenylcoumarin is produced. 

Cotoin-azobenzene.—To a solution of cotoin in dilute sodium carbon- 
ate, excess of diazobenzene sulphate solution was added, causing tbe 
formation of an orange-yellow precipitate. After standing for a short 
time, this was collected, washed with water, dried, and purified by 
crystallisation from acetic acid. 


0°1240 gave 0°3135 CO, and 0°0545 H,O. C=68:95 ; H=4°88. 
01193 ,, 84.c.c. nitrogen at 15° and 756mm. N=8:20, 
C,,H,,0,,C,H,N, requires C= 68°96 ; H=4'59 ; N=8-04 per cent. 
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It is obtained as a glistening mass of orange-yellow needles 
melting at 183—184°, sparingly soluble in boiling alcohol, more readily 
in acetic acid. Dilute alkalis dissolve it with an orange coloration. 

Cotoin-azo-orthotoluene was prepared in a manner similar to the 
preceding compound. 


0°1275 gave 8°5 c.c. nitrogen at 16° and 764mm. N=7°81. 
C,,H,,0,°C;H,N,°CH, requires N = 7°73 per cent. 


It crystallises from acetic acid in orange-yellow needles melting at 
203—204°, and closely resembles the azobenzene-compound. 

Cotoin-azoparatoluene crystallises like the above, and melts at 
207—208°. On analysis, it gave 7°77 per cent. of nitrogen. 

Acetylazobenzene-cotoin.—A mixture of one part of cotoin-azobenzene, 
one part of anhydrous sodium acetate, and four parts of acetic anhy- 
dride was digested at the boiling temperature, this treatment being 
continued for a quarter of an hour after complete solution had been 
attained. The hot solution was then diluted with acetic acid, poured 
into a large volume of water, and after 12 hours the red precipitate 
was collected with the aid of the pump, well washed, and pressed. It 
was purified by crystallisation from alcohol. 


0°1167 gave 0:2857 CO, and 0:0500 H,O. C=66:'77; H=4°76. 
01145 ,, 65 .c.c. nitrogen at 17° and 754mm. N=6°53. 
C,,H,0,(C,H,0),"C,H,N, requires C = 66°66; H = 4°63; N =6°48 per cent. 


Diacetylazobenzene-cotoin forms scarlet, prismatic needles closely re- 
sembling alizarin in appearance, melting at 155—156°, and somewhat 
readily soluble in alcohol. It is not attacked by cold dilute alkalis, 
but on heating dissolves, forming an orange-coloured liquid, from which 
acids precipitate the free azo-compound. 

In order to be certain of{the number of acetyl groups in this sub- 
stance, it was dissolved in a little hot acetic acid, sulphuric acid added, 
and the mixture heated to boiling for a short time. The addition of 
boiling water caused the separation of crystals, which, after 12 hours, 
were collected, washed, and dried (a). 

In a second determination (b), the acetyl compound was decomposed 
by a short digestion with alcoholic potash, the free“azo-compound being 
deposited on acidifying the solution. 


a. 1°5873 gave 1'2724 C,,H,,0,°C,H;N,. Found 80°16 per cent. 
b. 13196 ,, 1:0565 C,,H,,0,-C,H;N,. Found 80:06 ,, _,, 
©, ,H,0,(C,H,O),° C,H;N, requires C,,H,,0,°C,H;N,=80°55 ,, __,, 


It was therefore a diacetyl-derivative. 
The regenerated azo-compound was analysed; 0°1193 gave 8°4 c.c. 
nitrogen at 15° and 756 mm. Theory requires N= 8-04 per cent. 
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The fact determined by Ciawician and Silber (Joc. cit.) that cotoin 
contains 2 hydroxyl groups is thus corroborated. 


Phloretin. 


Phloretin, C,;H,,0,, is known to exist in nature in the form of two 
distinct glucosides, phloridzin, and glycyphyllin which occur respec- 
tively in the root bark of the apple, cherry, and plum tree, and in 
the leaves of Smilax glycyphylla. 

Michael (Ber., 1894, 2'7, 2686), who examined this substance, on 
treating it with acetic anhydride and a small quantity of sodium 
acetate, obtained a product which he regarded as a triacetyl derivative. 
Taking into consideration that, op fusion with alkali, phloretin yields 
phloroglucinol and phloretic acid, its constitution could be represented 
as C,H,(OH),*O-CO-CH(CH,):-O,H,: OH. 

Ciamician and Silber (Ber., 1895, 28, 1393), however, in a later 
communication, describe an acetyl compound evidently identical with 
Michael’s, but containing four such groups. The true constitution of 
phloretin they therefore considered to be as follows. 


C,H,(OH,)*CO-CH(CH,)-C,H,-OH. 


When digested with acetic anhydride and an excess of sodium ace- 
tate, it behaves similarly to both cotoin and maclurin, yielding triacety]- 
G00 -¢ O,H(OH), 

CH=C: CH(CH,):C,H,° OH 
tetracetylphloretin by the removal of one molecule of water. 

Phloretin-disazobenzene.—To phloretin dissolved in carbonate of 
soda solution, excess of a solution of diazobenzene sulphate was added : 
the’ red precipitate which separated was collected, washed, dried, 
and purified by cautiously diluting a hot nitrobenzene solution of the 
substance with boiling alcohol ; the crystals thus obtained were col- 
lected and washed with alcohol. 


0:1185 gave 0°2910 CO, and 0°0509 H,O. C=66°97; H=4-77. 
01180 ,, 116 cc. nitrogen at 18° and 756mm. N=11°29. 
C,;H,,0;(C,H;N,), requires C=67°'21 ; H=4:56; N=11°61 percent. 


phloretyleoumarin, , which is formed from 


It forms a glistening mass of red needles -closely resembling 
maclurin-disazobenzene in appearance, melting with decomposition at 
254—256°, readily soluble in hot nitrobenzene, almost insoluble in 
alcohol. Dilute alkalis dissolves it with an orange-red coloration. 

Phloretin-disazoparatoluene, which is very similar in appearance and 
properties, melts and decomposes at 250—251°. 


0°1297 gave 12°1 e.c. nitrogen at 15° and 763 mm. N=10°97. 
C,;H,,0;(C,H,N,°CH,), requires N = 10-98 per cent. 
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Phloretin-disazo-orthotoluene crystallises with some difficulty in 
minute, red needles, melting at 250—251°. An analysis gave 11°18 
per cent. of nitrogen. 

Acetylphloretin-disazobenzene.—A. mixture of 1 gram of phloretin- 
disazobenzene, 1 of anhydrous sodium acetate, and 10 of acetic an- 
hydride was digested at the boiling temperature; the azo-compound, 
without entirely dissolving, became yellower in appearance, due, no 
doubt, as was the case with maclurin-disazobenzene (/oc. cit.), to the 
formation of the acetyl-compound. Excess of acetic anhydride was 
now added, and the heating continued for a quarter of an hour after 
complete solution; the mixture was then diluted with acetic acid, the 
crystals which separated on cooling collected, and after being washed 
successively with alcohol and water, were purified by crystallisation 
from acetic acid. 


0°1131 gave 0°2748 CO, and 0:0507 H,O. C=66:26; H=4:98. 
01220 ,, 10°8c.c. nitrogen at 17° and 753mm. N=10:17 
01154 ,, 104 cc. és 18° ,, 762mm. N=10-43. 

C, ;H,,0,(C,H,0)(C,H,N.).requiresC = 66°41; H= 4°58 ; N= 10°68 percent. 


It formed a glistening mass of orange-red needles melting at 
217—219°, sparingly soluble in acetic acid. Cold dilute alkalis do 
not dissolve it at first, but, on warming, orange-red liquids are obtained 
from which acids precipitate the free azo-compound. 

In order to determine the number of acetyl groups present, the 
product was decomposed as in the case of the cotoin compound (a) with 
sulphuric acid, and (+) with alcoholic potash. 


a. 12670 gave 1:1794 O,,H,,0,(C,H;N,)., Found 93-08 per cent. 
b. 05278 ,, 04840 0,,H,,0,(C,H,Na)> vw 91:70 » - 
C,;H),0;(C,H,0)(C,H;N,), requires C,;H,,0;(C,H;N.).= 91°98 ,, , 
C,;H,,0,(C,H,0).(C,H;N»)s ” C,;H,,0,(CsH;N»), = 85°16 ” 


The regenerated azo-compound was analysed. 


0°1230 gave 11-9 c.c. nitrogen at 17° and 758 mm. N=11°19. 
Theory requires N = 11-61 per cent. 


As this also melted at 254—256°, there could be no doubt as to its 
identity with phloretin-disazobenzene. 

The production of a monacetyl compound was peculiar, it being 
expected that a substance containing two such groups would be formed. 
In order to guard against the acetylisation not being complete, a portion 
of the above acetyl compound was digested with boiling acetic anhydride 
for three hours ; beyond, however, a slight loss due to the formation of 
a resinous product, no change was thus effected, the main bulk of the 
monacetyl derivative, melting at 217—219°, being recovered. Treat- 
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ment of phloretin-disazobenzene with acetic anhydride in a like manner 
resulted also in the production of this compound, a fact fully corrobo- 
rated by the results of its decomposition with alcoholic potash. 


0°6727 gave 0°6125 C,,H,,0,(C,H,N,),. Found 91°05 per cent, 


The result of this determination agrees with those previously ob- 
tained, and it is evident that the azo-compound is only capable of 
yielding a monacety! derivative. 

If the formule of phloretin- and maclurin-disazobenzenes are com- 
pared, it will be seen that this result is a peculiar one, 


OH OH 
sii 4 \\co-CH(CH,)-C,H,-OH. ,H,-NiN/~ \CO-C,H,(0H), 
OH a 


 / | , OH 
N:N-O,H, N-N-O,H,. 
Phloretin-disazobenzene. Maclurin-disazobenzene. 

The maclurin compound, as previously shown (loc. cit.), yields a 
triacetyl derivative, two hydroxyls in the ortho-position relatively to 
the azo-groups having assumed the ketonic form. This result, more- 
over, was also borne out by an examination of phloroglucinol-disazo- 
benzene, which was found to contain but one hydroxyl group. One 
would thus naturally expect phloretin-disazobenzene to contain two 
hydroxyls, that is, one in the ortho-position relatively to the carbonyl 
group, and one in the phloretol nucleus. 

At first sight, it appeared probable that the constitution assigned to 
phloretin by Ciamician and Silber was incorrect, and that, in reality, it 
contained but three hydroxyls, as previously indicated by Michael 
(loc. cit.) ; further, a substance having the constitution assigned to it 
by Michael might yield results similar to those obtained above. From 
a careful study, however, of the paper by Ciamician and Silber, it 
appears impossible to doubt the existence of four hydroxyls in 
phloretin, especially when its conversion into triacetylphloretyleoumarin 
by means of acetic anhydride and sodium acetate is considered. 

To account for the above result, it is necessary to assume that, in 
phloretin-disazobenzene, all the hydroxyls originally present in the 
phloroglucinol nucleus have assumed the ketonic form, a peculiarity 
which must to some extent be due to the influence of the phloretol 
group. 

The behaviour of phloretin in this way, although interesting, is 
somewhat disappointing from the view of the applicability of this 
method for the determination of the hydroxyl groups in substances of 
unknown constitution. 

From an examination now being carried out on the diazobenzene 
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derivative of chrysin, the colouring matter of poplar buds, it appears 
probable that in this also the azobenzene group exerts its influence on 
the two adjacent hydroxyls, as, apparently, no acetyl compound is 
formed when it is treated by the usual method. 


CLOTHWORKERS’ RESEARCH LABORATORY, 
DyrEInc DEPARTMENT, 
YORKSHIRE COLLEGE. 


CIX.—Azo-benzene Derwatives of Phloroglucinol. 
By Artur GrorGce Pergiy, F.R.S.E. 


A.tuouGs the behaviour of resorcinol towards diazobenzene and allied 
substances has received considerable attention, the reactions of phloro- 
glucinol in this respect have been but little studied. Previous work 
in this direction has shown that the latter yields azo- and disazo- 
derivatives although with the same reagent both azo- and disazo-deriva- 
tives have not as yet been obtained. For instance, by treatment with 
diazobenzene sulphate in aqueous solution (Weselsky and Benedikt, 
Ber., 12, 226) preferably in the presence of sodium acetate, phloro- 
glucinol-disazobenzene is formed, but nocorresponding monazo-compound 
appears to be capable of production in this way. Phloroglucinol- 
disazobenzene corresponds therefore to the isomeric azobenzene-resor- 
cinols in that they respectively represent the simplest products 
obtainable from these phenols under similar conditions. As is well 
known, resorcinol also forms isomeric disazobenzene derivatives, and 
considering the constitution of phloroglucinol, it seemed reasonable to 
expect that the latter would yield a higher or trisazo-derivative. The 
study of this subject suggested itself during the investigation of disazo- 
benzenemaclurin (Trans., 1895, 933), and the main results of this paper 
were worked out at that time. As was to be expected, the reactive ca- 
pacity of various substituted diazobenzenes with phloroglucinol showed 
considerable dissimilarity, and further work in this direction seemed 
desirable. No convenient opportunity has as yet been found for this 
purpose, but as the presence of a free hydroxyl group in phloroglucinol- 
disazobenzene (Trans., 1897, 187) has rendered the capacity of this 
phenol to form trisazo-derivatives more obvious, it was felt that it 
would be better to communicate the results already obtained to the 
Society. 

Phloroglucinol-trisazobenzene.—To a solution of phloroglucinol in 
dilute sodium carbonate, excess of a solution of diazobenzene sulphate 
was added; the deep-red precipitate thus obtained was insoluble in 
dilute alkali, and it could not, therefore, be the disazo-compound. 


~~ i. ~~ a a. eee 
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After being collected, washed, and dried, it was purified by cautiously 
diluting a hot nitrobenzene solution with boiling alcohol, the crystals 
which separated on cooling being collected and washed with alcohol. 


0°1339 gave 0°3217 CO, and 0°0517 H,O. C=65:52; H=4:29. 
01230 ,, 21'2 cc. nitrogen at 24° and 762mm. N=19°46. 
C,H,0,(C,H,N.), requires C= 65°75 ; H=4:11, N=19°17 per cent. 


The formation of this substance from phloroglucinol in the presence 
of ‘aqueous sodium carbonate is apparently not dependent on the 
quantity of diazobenzene sulphate present, for if this be added in the 
proportion of only one or two molecules to one molecule of phloro- 
glucinol, the trisazo-compound is formed, a portion of the phloroglucinol 
being unacted on: As is to be expected, the trisazo-compound also 
results from the action of diazobenzene sulphate on an alkaline solution 
of phloroglucinol-disazobenzene. 


0:2900 gave 49 c.c. nitrogen at 16° and 740 mm. N=19°17. 
Theory requires N = 19°17 per cent. 


It is obtained as a glistening mass of fine needles, having usually a 
beetle-green lustre; it does not melt below 300°, but when rapidly 
heated above this temperature, decomposes with evolution of a cloud 
of black vapour. Its crystallisation is facilitated by the addition of a 


trace of acetic acid to the hot nitrobenzene solution before dilution 
with alcohol. As stated above, it is insoluble in cold alkali solutions 
and contains no hydroxyl groups, those originally present in the 
phloroglucinol having assumed the ketonic form from their ortho- 
position relatively to the azo-groups. Sulphuric acid dissolves it with 
a deep crimson coloration. 

Phloroglucinol-orthotrisazoanisol, prepared in a similar manner from 
phloroglucinol and orthodiazoanisol, was purified by crystallisation 
from nitrobenzene. 


0°1513 gave 0°3386 CO, and 0°0593 H,O. C=61:03; H=4:35, 

01445 ,, 20:2 cc. nitrogen at 18° and 762mm. N=16:19. 
C,H,0,(C,H,N,*OCH,), requires C = 61°36; H= 4°54; N =15-90 per cent. 

Attempts were made to prepare from phloroglucinol the correspond- 
ing disazo-compound by the substitution of sodium acetate for sodium 
carbonate solution. The product in each case was, however, the above 
trisazo-derivative, although analysis indicated its contamination with 
a trace of a lower azo-compound. 

0°1420 gave 18°8 c.c. nitrogen at 17° and 758 mm. N=15°32. 

Theory requires N = 15°90 per cent. 

Phloroglucinol-trisazoanisol crystallises from nitrobenzene in the 

form of long, glistening, maroon-coloured needles which are slightly 
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iridescent and do not melt below 300°. With sulphuric acid, it 
forms a deep violet blue liquid, and is but slightly attacked by nitric 
acid (sp. gr. 15) with gradual production of a deep violet-red solution. 

Phloroglucinol-disazobenzene-azometanitrobenzene.—The formation of 
phloroglucinol-trisazobenzene from the corresponding disazobenzene- 
compound as shown above suggested the possibility of introducing two 
different azo-groups into phloroglucinol. The above compound is readily 
prepared by the addition of a diazometanitrobenzene sulphate to an 
alkaline solution of disazobenzene-phloroglucinol. By the cautious 
addition of boiling alcohol to a solution of this substance in hot nitro- 
benzene, it separates in a crystalline condition. 


0°1085 gave 19°4 c.c. nitrogen at 22° and 760 mm. N= 20-25. 
C,H,0,(C,H,N,.).(C,;H,N,* NO.) requires N = 20°28 per cent. 


As thus obtained, it forms a dull red, glistening mass of fine 
needles melting at 290° with decomposition, readily soluble in boiling 
nitrobenzene, almost insoluble in alcohol. With sulphuric acid, it 
yields a deep scarlet liquid. 

Further work will, if possible, be carried out at a later date with 
the object of studying the reactive capacity of the various substituted 
diazobenzenes with this phenol. That this varies considerably is shown 
above and also from the work of previous investigators ; thus, whereas 
phloroglucinol in sodium acetate solution combines with two molecules 
of diazobenzene, with orthodiazoanisol, under similar conditions, a 
trisazo-derivative is formed; further, according to Stebbins (J. Amer. 
Chem. Soc., 2, 240), and Weselsky and Benedikt (Ber. 12, 226), 
phloroglucinol-parazobenzenesulphonic acid, C,H,O0,(C,H,N,*SO,H), 
and isomeric phloroglucinol-parazophenols, C,H,;0,(C,H,N,°OH), can 
readily be obtained. 

CLOTHWORKERS RESEARCH LABORATORY, 


Dyrinc DEPARTMENT, 
YORKSHIRE COLLEGE, 


CX.—Action of Phosphorus Pentachloride on Fen- 
chone. 


By Joun AppyMaNn GARDNER, M.A., and GrorGE BERTRAM 
CockBurn, B.A. 


FencHone and fenchene are usually considered to be analogous to 
camphor and camphene in their behaviour, and on this supposition 
chemists have based various formule for fenchone, which depend 
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somewhat on their views as to the constitution of camphor. The 
ground for this analogy is a comparison of the properties of fencholenic 
and campholenic acids, fenchylamine and bornylamine, &c. (Wallach, 
Annalen, 1892, 269, 326), and the change of fenchone and camphor 
into isomeric cymenes (ibid., 1893, 275, 157). It seems to us, however, 
that before the exact relationship between fenchone and camphor can 
be expressed symbolically, a much more elaborate comparison of the 
behaviour of these substances must be made. In order to contribute 
to this, we have investigated the action of phosphorus pentachloride 
on fenchone. 

By the action of phosphorus pentachloride on camphor in the cold, 
Marsh and Gardner (Trans., 1897, '71, 288), obtained two isomeric 
forms of chlorocamphene hydrochloride, C,,H,,Cl,, both of which, on 
saponification, yielded the same chlorocamphene. Fenchone under 
similar conditions is acted on very much more slowly, and the pro- 
ducts of the action are different, for on pouring into water to get rid 
of the excess of phosphorus pentachloride and oxychloride, we obtained 
a crystalline compound of the formula C,,H,,CI1PO(OH),, which we 
name chlorofenchenephosphonic acid, an oil consisting of unchanged 
fenchone, and a substance containing chlorine, probably chlorofenchene, 
C,,H,,Cl. The reaction probably takes place according to the follow- - 
ing equations— 

C,,H,,0 + PCI, = C,,H,,Cl, + POCI, = C,,H,,Cl + HCl + POCI,. 
C,,H,,Cl + PCl, = C,H, ,CIPCl, + HCl. 
C,,H,,CIPCl, + 3H,0 = C,,H,,C1P0(OH), + 4HCI. 


Fifty grams of fenchone, b. p. 190—191°, m. p.6—7°, and specific rotatory 
power [a])=61° 58’, were mixed with 200 grams of phosphorus penta- 
chloride in a flask closed with a calcium chloride tube, and allowed 
to stand at the ordinary temperature for six weeks. A very slow 
reaction took place with a very gradual evolution of hydrogen chloride. 
After the evolution of the gas had, to all appearance, ceased, the pro- 
duct was poured into a large quantity of ice and left overnight. The 
oil obtained in this way was taken up with ether, dried, and allowed to 
stand, when crystals of chlorofenchenephosphonic acid slowly separated. 
After the separation of crystals had ceased, the oil was shaken up with very 
dilute sodium carbonate solution, when a further quantity of the 
substance was obtained in the form of sodium salt. A small quan- 
tity more was also obtained from the water into which the phosphorus 
compound had been poured, on extracting it with ether. The total 
amount of acid obtained from 50 grams of fenchone was about 7 grams, 
corresponding with a 14 per cent. yield. 

The acid was purified by conversion into the sodium salt. For this 
purpose, it was exactly neutralised with a dilute solution of caustic 
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soda, evaporated to dryness, the residue dissolved in absolute alcohol, 
and ether added until the solution became somewhat turbid ; on stand- 
ing, the salt crystallised out in white, needle-shaped crystals. It was 
then dissolved in a small quantity of water, acidified with hydrochloric 
acid, extracted with ether, and the residue left on evaporating the 
ether was crystallised several times from water, in which it was only 
sparingly soluble, and finally from acetone. It was thus obtained in 
white, crystalline plates melting at 196°. It was very soluble in ether, 
alcohol, chloroform, and benzene. 
On analysis, the acid gave the following figures :— 


[. 0°2002 gave 0°3502 CO, and 0°1199 H,0. 
IT. 0:2528 ,, 04429 CO, and 0°1459 H,0. 
IIT. 0°3606 ,, 0°2065 AgCl. 
IV. 02174 ,, 0°0951 Mg,P,0,. 


I II. 


Found. Calc. for C,)H,,CIPO(OH),. 
47°70 47°78 47°92 
6°41 6°38 
14°13 
12°37 


The specific rotatory power [a])=7° 56’ in alcoholic solution. 

The saturating power of the acid was determined by titrating it with 
caustic soda solution, using phenolphthalein as indicator; with an 
aqueous solution of the alkali, the results were in all cases about 2 per 
cent. too low, but by working in alcoholic solution very satisfactory 
results were obtained 0°5458 gram of acid required 92 c.c. of alkali 
(1 cc. =0°011 gram sodium). 


Cale. amount of sodium required 
by 100 gram of C,)H,,C1PO(OH),. Found. 
18°36 18°54 


The insoluble lead salt, prepared from lead nitrate and the sodium 
salt, gave the following figures on analysis :— 


0°4365 gave 0°2876 PbSO,. Pbh=44°94. 
C,,H,,CIPO,Pb requires Pb = 45:3 per cent. 


The barium and copper salts are also insoluble, and may be prepared 
from the sodium salt by precipitation ; these salts are soluble in mineral 
acids, but are reprecipitated unchanged on adding an alkali. The 
copper salt bears a close resemblance in colour and appearance to copper 
phosphate. The silver salt can also be obtained as a dirty white pre- 
cipitate by adding concentrated silver nitrate solution to a strong solu- 
tion of the sodium salt. It is slightly soluble in hot water and behaves 
with acids like the copper salt. 
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The oil left after the extraction of the phosphonic acid consists of 
a mixture of fenchone with a substance containing chlorine; on dis- 
tilling it under a pressure of 20 mm., it could be separated, without 
decomposition, into two fractions, the lower boiling at 90—95°, and the 
higher at 120—125°. The lower fraction, which consisted of fenchone, 
distilled at 188—190° under the ordinary pressure ; from its amount it 
was evident that less than 50 per cent. of the original fenchone had re- 
acted with the pentachloride. 

The fraction of higher boiling point contained chlorine, the amount 
of which was determined by Carius’ method. 


0:2518 gave 0°1699 AgCl. Cl=16°7 
C,,)H,,Cl requires Cl = 20°8 per cent. 


It probably consists mainly of chlorofenchene, and on treatment 
with concentrated sulphuric acid gave off hydrogen chloride. On treat- 
ing the black product with water and distilling in steam, an oil came 
over which smelt of geraniums, and reacted with pentachloride of phos- 
phorus, although not vigorously. The quantity of chlorofenchene 
at our disposal was, however, too small for purification, and we are at 
present engaged in preparing it in quantity, in order to purify it and 
compare its reactions with those of the chlorocamphene obtained in a 
similar way. 

CHEMICAL LABORATORY, 
St. Gzorce’s Hospirat. 


CXI.— Ketolactonice Acid and its Homologues. 
By Cuares H. G. Spranxuine, B.Sc. Lond. 


SomE years ago, Young (Trans., 1883, 1'72) found that, on heating 
B-ethylic acetosuccinate, alcohol was removed, and the residue, on 
hydrolysis with dilute hydrochloric acid, yielded, in addition to a-ethyl- 
B-acetopropionic acid and a small quantity of ethylsuccinic acid, a 
crystalline acid which had the empirical formula C,H,,0,; this he 
termed ketolactonic acid and from it he obtained three barium salts : 


(1) By neutralisation with barium carbonate. 
(2) By the action of barium hydroxide in the cold. 
(3) By the action of barium hydroxide at 100°. 


From the composition of these salts, he concluded that the consti- 
tutional formula of ketolactonic acid was probably 


COOH: 0<oMG, 00, 
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the barium salts (2) and (3) being derived respectively from the acids, 


COOH-CH-CO-CH, og H, CO-CH, 
COOH-CH-0,H, COOH:CH:C,H, — 


As the ketolactonic acid has not been further investigated, Pro- 
fessor Young suggested that I should repeat his experiments, and also 
endeavour to obtain homologues of the acid by similar reactions. 


C00C,H,: CH-CO-CH, 
CO0C,H,: CH-0,H, 


This salt was prepared by the action of sodium ethoxide and ethylic 
acetoacetate on ethylic a-bromobutyrate in the manner described by 
Young (loc. cit.). In order to obtain, if possible, a larger yield of 
Young’s ethylketolactonic * acid, the acetosuccinate was heated for a 
considerable time, and after being distilled, during which the boiling 
point rose considerably, it was hydrolysed by boiling with dilute hydro- 
chloric acid for about 12 hours. The crystals which separated on cool- 
ing after recrystallisation melted at 178—179° (181° Young). 

On evaporating the ethereal extract of the mother liquors and 
placing the residue (chiefly a-ethyl-B-acetopropionic acid) in ice for a 
week, more of the ketolactonic acid, melting at 180°, was obtained. 


I. 0°2530 gave 05190 CO, and 0°1375 H,O. C=55°95; H=6-07. 
II. 0:1190 ,, 0:2485 CO, ,, 00665 H,O. C=56-95; H=6-21. 
O,H,,0, requires C=56°47 ; H =5°89 per cent. 


The total weight of recrystallised acid obtained was 5:1 grams. 

The action of barium carbonate, and of cold and hot barium 
hydroxide on the acid gave rise to the barium salts Ba(C,H,0,), ; 
BaC,H,,O(COO),, and Ba(C,H,,0°COO),, thus confirming Young’s 
results. 

When the aqueous solution of the first barium salt was allowed to 
evaporate spontaneously, the crystals contained 5H,O (Young’s pro- 
duct, deposited from a hot solution,-contained 2H,O). The salt was 
dried at 130° and analysed. 


Ba= 28°61 per cent. Ba(C,H,0,), requires Ba = 28°84. 

H,0 = 15:92 ‘ 5H,O » H,O=14°41. 
The second barium salt is exceedingly unstable. It was, however, 
obtained in a nearly pure state by evaporating its aqueous solution 


I. Ethylic B-Ethylacetosuccinate, 


* As lower homologues of the acid were prepared, a difficulty of nomenclature 
arose, and Professor Fittig (in whose laboratory the original work on the ethylic 
compound was done) agreed that it would be desirable to use the name ketolactonic 
acid for the simplest one, so that Young’s crystalline acid will be called ‘ ethyl- 
ketolactonic acid” in this paper. 
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to dryness in a vacuum over sulphuric acid. A small quantity of 

barium carbonate remained admixed with the product, and was esti- 

mated separately. 

0:0685 gave 00502 BaSO, the barium carbonate present 0:0002 BaSO,. 
Ba= 43°28 per cent. BaC,H,,0,; requires Ba = 42-41 per cent. 


Hence by the action of barium hydroxide in the cold, the unsatu- 
rated lactone ring is broken down, and the salt of an unstable dibasic 
acid, C,H,,O(COOH),, is formed. 

The barium salt, obtained by the action of barium hydroxide on ethy]- 
ketolactonic acid at 100°, agreed in all respects with that described 
by Young. 

Ba = 32°37 per cent. Ba(C,H,,0,), requires Ba = 32°39. 


a-Ethyl-B-acetopropionic Acid. 

The acid obtained from the original hydrolysed solutions asa gummy 
oil, after being boiled with barium hydroxide to decompose any 
ethylketolactonic acid, was recovered from the barium salt and 
submitted to fractional distillation ; ultimately 5°6 grams of lactone 
were obtained, boiling between 240° and 250°. This was purified by 
boiling it with water and barium carbonate to remove unaltered acid, 
and then extracting it from the solution by agitation with ether. 
The portion distilling at 217—221° was left over sulphuric acid for 
a day, and then analysed. 


0'1602 gave 0°3915 CO, and 0°1200 H,O. C=66°73; H=8:33. 
C,H,,0, requires C= 66°66 ; H=7-99 per cent. 


It was therefore nearly pure. 

Solubility of the Unsaturated Lactone in Water.—The lactone, when 
shaken with water, formed an emulsion at the ordinary temperature, 
but, on warming, the solution rapidly cleared at about 97°; also on 
cooling in ice, it cleared at about 2°. It is therefore more soluble in 
water at 100° and at 0° than at intermediate temperatures, and Young’s 
observation, made with a mixture of this lactone with its next homo- 
logue, is thus confirmed. 


In the formation of the ethylic ethylketolactonate from ethylic 
8-ethylacetosuccinate by elimination of alcohol, it has been assumed 
that the reaction takes place according to the equation 


COOC,H,*: CH-CO-CH, . C(CH,):O 

= COOC,H, . CO + C,H,°OH. 
COOC,H,: CH: C,H, . <oHCH,)” APs 
If that is so, no ethylic ketolactonate should be formed if the hydrogen 
in the =CH group, marked *, is displaced by an alkyl group. 
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It was found by Young, however, that neither by using methylic 
acetoacetate nor by the action of sodium ethoxide and methylic 
iodide on ethylic B-ethylacetosuccinate, could a product free from un- 
altered ethylic B-ethylacetosuccinate be obtained. 

Analogous experiments, in which ethylic iodide was employed instead 
of methylic iodide, I also found to yield negative results as regards 
the formation of a ketolactonate, although large quantities of ethylic 
ethylsuccinate were formed. 


COOC,H,: CH: CO-CH, 
COOC,H,'CH:CH, — 


Seventy grams of ethylic a-bromopropionate was heated for some 
time with potassium iodide and alcohol. A mixture of 51 grams 
ethylic acetoacetate and 8°9 grams of sodium dissolved in alcohol was 
added, and the liquid heated till neutral (20 hours). During the first 
fractionation, the thermometer was very constant at about 242—244°, 
but, on redistilling, alcohol was given off, and the boiling point rose as 


by the following table. 


II. B-Methylic Acetosuccinate, 


Temperature. II. III. 


—190° 8 grams 10 grams 12 grams 
190—220 4 8 “yy 
220—240 11 5 pat 
240—245 29 9 ie 
245—255 | 10 12 me 


255—270 9 26 »” 


Hence the decomposition of the acetosuccinate into alcohol and 

ethylic methylketolactonate takes place much more readily than in the 

case of the ethyl compound; the hydrolysis was also much moré 

rapid, being complete in about 6 hours. The product, after recrystal- 
lisation from alcohol melted at 176°. 

I. 0°2239 gave 0°4438 CO, and 0°0985 H,O. C=53'21; H=4:87. 

II. 0°0877 ,, 01709 CO, ,, 00415 H,O. C=53°33; H=5:26. 

C,H,O, requires C=53°84 ; H=5-12 per cent. 


The yield in this case was very much better, amounting to 8°9 grams 
of recrystallised methylketolactonic acid. This acid, like the ethyl 
derivative, gave three barium salts, which were prepared in the 
manner already described. 

The first barium salt (from BaCO,) was much more soluble than the 
ethyl derivative. It was dried at 100—120°, and analysed. 
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I. 0°2134 gave 0:1103 BaSO,. Ba=30°38. 
II. 0:0731 ,, 0:0379 BaSO,. Ba=30°50. 
Ba(C,H,0,), requires Ba = 30°64 per cent. 


_ The second salt (from barium hydroxide in the cold) was even more 
unstable than that of ethylketolactonic acid. 


I. 0:0580 gave 0:0392 BaSO, and 0:0053 BaSO, from the barium 
carbonate. Ba= 45-10. 
IT. 0°1000 gave 0:0697 BaSO, and 0°0056 BaSO, from the carbonate. 
Ba = 44°27. 
BaC,H,O, requires Ba = 44°33 per cent. 


Hence the barium salt of the dibasic acid, C;H,0(COOH),, is formed. 


The third salt (by the action of barium hydroxide at 100°) gave 


I. 0°2479 gave 0°1462 BaSO,. Ba=34:67. 
II. 0:2219 ,, 0°1301 BaSO,. Ba=34-47. 
Ba(C,H,0,), requires Ba = 34°68 per cent. 


The salt is therefore that of the monobasic acid, C,H,O*COOH. 


a-Methyl-B-acetopropionic Acid. 


By. extracting the hydrolysed solution and filtrate with ether as 
before, 19 grams of a-methyl-8-acetopropionic acid, mixed with methyl- 
ketolactonic acid were obtained. After the latter (m. p. = 176—176°5°) 
had crystallised out, the oil was treated in the manner described 
on p. 1160; the lactone thus obtained boiled at 210—214°. 


I. 00807 gave 0°1890 CO, and 0°0523 H,O. C=63°87; H=7:22. 
II. 00920 ,, 02156 CO, ,, 0°0594 H,O. C=63:90; H=7:17. 
C,H, ,0, requires C = 64:28; H=7:'14 per cent. 
The lactone is formed according to the equation 


CH,-CO-CH,-CH(CH,)-COOH = CH Gio CO +H,0. 
3 


Solubility.—The lactone was much less soluble in water than that 
obtained from a-ethyl-8-acetopropionic acid, but exhibited the same 
peculiarity, namely, it was more soluble at 0° and 100° than at inter- 
mediate temperatures. 


COOC,H,*CH: CO-CH, 
COOC,H,-CH- CH(CH,), 

One hundred and thirty-two grams of ethylic a-bromisovalerate, 
CH(CH,),*-CHBr-COOC,H,, was heated with a mixture of 14:4 grams 


Ill. Ethylic B-Isopropylacetosuccinate, 
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of sodium dissolved in absolute alcohol, and 82 grams ethylic aceto- 
acetate for 7 days, when it became nearly neutral. The product was 
then treated as usual. 

Fractionation gave the following results. 


Temperature. 


—170° 
170—190 
190—200 
200—210 
210—240 
240—260 


The boiling point was therefore considerably lower than that of 
any of the corresponding compounds; this was probably due to the 
presence of unaltered ethylic a-bromisovalerate (b. p. 186°), and 
possibly also of a little ethylic isopropylsuccinate. 

Each fraction, except A, was then heated for about 6 days (a very 
little aleohol was given off in all cases except F). After hydrolysis, 
crystals appeared in D, E, and F, but not in B or C; these after 


recrystallisation from benzene and light petroleum melted at 115—116°. 
(Kachler, Ann., 169, 168, and Hlasiwitz and Grabowski, Ann., 145, 
205, give 114° as the melting point of isopropylsuccinic acid prepared 
from camphoric acid.) 


0°1443 gave 0°2765 CO, and 0°0983 H,O. C=52:'21; H=7°57. 
C,H,,0, requires C=52:°50; H=7:50 per cent. 


The barium salt was obtained as an amorphous powder. 


0°2142 gave 0°1685 BaSO,. Ba= 46°60. 
C,H,,0,Ba requires Ba = 46°44 per cent. 


These results show that the acid is isopropylsuccinic acid, 
CH(CH,),* CH(COOH)-CH,COOH. 

This acid gave no precipitate of barium carbonate on boiling with 
excess of barium hydroxide. On adding calcium chloride to a solution 
of the barium salt and warming, a white, amorphous precipitate of the 
calcium salt was formed. 

On boiling the original hydrolysed solutions with excess of barium 
hydroxide, only very slight precipitates were obtained, showing that 
an isopropylketolactonic acid had been formed, but in very slight 
amount. 

The benzene and light petroleum mother liquors from which the 
isopropylsuccinic acid had crystallised were evaporated, and the acid 
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residue converted into the barium salts, and analysed after drying 
at 120°. 


0:1400 gave 00894 BaSO,. Ba=38-03 per cent. 
Barium isopropylketolactonate requires Ba = 27°23 per cent. 
»  isopropylsuccinate 99 Ba=46°44 ,, 


The barium salt was regenerated and treated with silver nitrate, 
when a white precipitate was formed, which proved to be chiefly 
silver isopropylsuccinate. The mother liquors from this solution pos- 
sibly contained silver isopropylketolactonate ; the acid from this, on 
being boiled with excess of barium hydroxide, gave a distinct precipi- 
tate. This was collected and weighed, and from the result it was 
calculated that the quantity of isopropylketolactonic acid formed 
would not exceed 3 per cent. 

The filtrate from the barium carbonate gave an amorphous barium 
salt. 


0°1519 gave 0°0780 BaSO,. Ba=30°65. 
Barium a-isopropyl-B-acetopropionate, Ba(C,H,,0,),, requires Ba= 
30°38 per cent. 


Owing to an accident, the aqueous solutions from which the iso- 
propylsuccinic acid had crystallised were lost, and the a-isopropyl-f- 
acetopropionic acid, which they probably contained, could not there- 
fore be further investigated. 


C00C,H,-CH-CO-CH, 
C00C,H,-CH, 


Ethylic sodacetoacetate was first prepared by treating ethvlic aceto- 
acetate, 113 grams, with 19°95 grams sodium dissolved in alcohol ; 
after cooling, 145 grams ethylic bromacetate was added. 

The condensation was exceedingly rapid, much heat being developed, 
and the whole of the sodium bromide separating out in about 5 
minutes ; no external heating was required, as the solution was quite 
neutral after that time. On fractionation, the following results were 
obtained. 


IV. Hthylic Acetosuccinate, 


| 


Temperature. > Il, III. 


29 grams 


| 
| 


190—240 
240—260 
260—270 
270—280 | 


| 
—190° 23 grams | 25 grams 


8 
4 
9 
4 
8 


280—300 ; | 
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The boiling point would therefore appear to lie between 260° and 
270°. The fraction D was then heated for some time ; alcohol was 
eliminated, and the residue distilled between 225° and 290°. 

The hydrolysis was performed with very dilute hydrochloric acid 
and was complete in 45 minutes, but no crystals appeared, either on 
cooling or after extraction with ether ; the ketolactonic acid appeared 
to be an oil. 

A portion of the ethereal extract was treated with barium carbonate 
as usual ; the salt obtained was a deliquescent, gummy mass, which 
became brittle on cooling. After drying at 100—120°, it was analysed. 


I, 0°3555 gave 0°2011 BaSO,. Ba=32°93. 
II. 0°7267 ,, 0:4016 BaSO,. Ba=32°85. 
Ba(C,;H,0,).. Ba=32°69 per cent. 


The acid liberated from the salt did not crystallise. After heating 
at 100° and leaving it in a vacuum over sulphuric acid for a short time, 
it was analysed. 


I. 0°1649 gave 0°3039 CO, and 0°0611 H,O. C=50°27; H=4:12. 
II. 0°3726 ,, 06908 CO, ,, 01483 H,O. C=5056; H=4:39. 
C,H,O, requires C=50°70 ; H = 4-22 per cent. 


A second portion of the acid was then treated with a slight excess of 
barium hydroxide in the cold, the excess being removed in the usual 
way, and the filtrate evaporated in a vacuum. The amount of barium 
carbonate which separated during the evaporation was negligible. 


I. 0°2782 gave 0°2138 BaSO,. Ba= 45-85. 
II. 05448 ,, 04225 BaSO,. Ba=46:18. 
BaC,H,O, requires Ba = 46°44 per cent. 


A third portion of the acid was heated with a slight excess of barium 
hydroxide ; barium carbonate began to be precipitated at about 80—85°, 
and after boiling for 5 minutes the decomposition was complete. 
The barium f-acetylpropionate (levulinate) was left as a deliquescent 
gum, which was dried at 120° and analysed. 


I, 0°2439 gave 0°1515 BaSO,. Ba=37-00. 
II. 0°4453 ,, 02776 BaSO, Ba=37-12. 
Ba(C,H,O,), requires Ba = 37°32 per cent. 


GENERALISATIONS. 


1. Action of Brominated Ethylic Salts on Ethylic Sodacetoacetate.—The 
condensation was very rapid with ethylic bromacetate. The rate 
diminishes rapidly with rise of molecular weight. 
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Approximate time required. 
Ethylic bromacetate 5 minutes. 
»,  a-bromopropionate 10 hours. 
»  a-bromobutyrate 20 hours. 


»  a-bromisovalerate 7 days. 


2, Action of Heat on Alkylic Acetosuccinates.—The removal of alcohol 
with the formation of a ketolactonate is most rapid with methylic 
acetosuccinate, the rate diminishing very rapidly as the methyl is 
replaced by ethyl and isopropyl groups respectively.- Ethylic aceto- 
succinate itself gives up alcohol much more rapidly than the ethyl 
derivatives, but apparently less rapidly than the methyl derivative. 


Approximate time required. 
Ethylic acetosuccinate less than 4 days. 
»  methylacetosuccinate on distillation. 
»  ethylacetosuccinate 5 days. 
»  isopropylacetosuccinate about 6 days. 


3. Rate of Hydrolysis of Hthylic Ketolactonates, éc., with Dilute Hydro- 
chloric Acid.—The members of the series are not quite comparable in this 
case, for ethylic acetosuccinate was completely converted into ethylic 
ketolactonate, whilst the substituted ethylic acetosuccinates were 


only partially converted into the corresponding ethylic ketolactonates. 
Neglecting this difference in composition, the rate of hydrolysis 
diminishes with rise of molecular weight. 


Approximate time required. 
Ethylic acetosuccinate 45 minutes. 
»  P-methylacetosuccinate ............... 6 hours. 
f-ethylacetosuccinate 12 hours. 
B-isopropylacetosuccinate about 2 days. 


” 


99 


4. Products of Hydrolysis of Unaltered Ethylic Acetosuccinates.— 
By the hydrolysis of the ethylic ketolactonates, the corresponding acids 
are formed, and the other acids obtained by the hydrolysis of the mix- 
ture of ethylic ketolactonates and unaltered acetosuccinates are in all 
probability derived from the latter. 

Leaving these, the ketolactonic acids, out of account, the only acid 
obtained by the hydrolysis of ethylic #-methylacetosuccinate was 
a-methyl-8-acetopropionic acid, no indication of the presence of methyl- 
succinic acid having been observed. 

In the case of ethylic f-ethylacetosuccinate, the chief product is 
a-ethyl-B-acetopropionic acid, but Young, after removing this acid by 
reduction and conversion into the lactone, was able to show that asmall 
quantity of ethylsuccinic acid was left unacted on by the sodium 
amalgam, 
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By the hydrolysis of ethylic B-isopropylacetosuccinate, isopropy]l- 
succinic acid is obtained in large quantity. As the aqueous solution 
from which the crystals separated was lost, it is impossible to say 
how much a-isopropy!l-G-acetopropionic acid was formed, but the quan- 
tity was certainly relatively smaller than in the case of the lower 
homologues. As the ethylic acetosuccinate itself was completely con- 
verted into ethylic ketolactonate, only ketolactonic acid was obtained 
by hydrolysis. It appears, then, that by the hydrolysis of the alkyl 
derivatives of ethylic acetosuccinate with hydrochloric acid, more and 
more of the alkyl derivatives of succinic acid are formed, and less and 
less of the alkyl derivatives of acetopropionic acid. 


Constitution of the Acids. 


The simplest ketolactonic acid has the empirical formula C,H,O, 
and the constitution (I), 


1. CooH-O<UCHS)9Sco IL. COOH-O<CrF(CHH,)>° ” 
9 8 


The next one would have the graphic formula (II), and would be 
termed methylketolactonic acid, and so on for the others. 
The formation of the ketolactonic ethers from the acetosuccinic ethers 
may be represented generally as below. 
COOC,H,-CH-CO-CH, C(CH,)O 
5] es ‘HL ; 
C00C,H,-CHR = CO000,H,;-C<j47 8 >C0 + C,H, OH, 
and the three barium salts are in each case derived from the acids, 
COOH:CH-CO:-CH, CH,°CO-CH, 


oc C(OH,) 
COOH-C<_“(AR OO, cooH-GHR > COOH-CHR 
L IL. III. 


R representing in each case an alkyl group (or hydrogen). 
In conclusion, I tender Dr. Young my sincere thanks for the kind 
way in which he has given me his advice and assistance whenever 


required. 


UNIVERSITY COLLEGE, 
BRISTOL. 


PERKIN AND THORPE: SYNTHESIS OF 7-CAMPHORONIC ACID. 1169 


CXII.—Synthesis of 1-Camphoronice Acid. 
By Wiiuiam Henry PERKIN, jun., and Jocetyn Fietp Tuorpe. 


Amone the reactions which, up to the present, have thrown light on 
the constitution of camphor, its oxidation by means of nitric acid has 
probably yielded by far the most valuable results. Laurent (Annalen, 
1837, 22, 135) first showed that camphoric acid was formed during 
this process, and Kachler (Annalen, 1871, 159, 302) first isolated 
camphoronic acid from the products of the oxidation ; subsequently, 
Roser (Ber., 1885, 18, 3112) obtained camphanic acid (hydroxy- 
camphoric acid) from the mother liquors which remain when the 
camphoric and camphoronic acids have been separated, Since 
camphoric acid may be converted into camphanic acid by careful 
oxidation (Balbiano, Rend. Acc. Lincei, 1893, ii, 240), whilst cam- 
phanic acid itself, by treatment with nitric acid or chromic acid, yields 
considerable quantities of camphoronic acid (Bredt, Ber., 1835, 18, 
2989 ; Koenigs, Ber., 1893, 26, 2337), it is evident that these three 
acids represent, as Bredt has pointed out, distinct stages in the decom- 
position of the camphor molecule ; the oxidation of camphor may conse- 
quently be represented thus : 
Camphor. —> Camphoricacid. —> Camphanic acid. —> Camphoronic acid. 
C,)H,,0 ©; 9H 69, CoH) 69; CH 40, 

Camphoric acid has been obtained from camphor by Claisen and 
Manasse (Annalen, 274, 86) by a second very interesting 
method. These chemists converted camphor into isonitrosocamphor, 
OH fon 
by subsequently treating this substance with nitrous acid, they 


, by the action of amylic nitrite and sodium methoxide ; 


discovered camphorquinone, C,H, <O an interesting substance 


which, when digested with a solution of potash in methylic alcohol, is 
slowly oxidised (probably by the oxygen of the air) to camphoric acid, 


CO ; OOH 
CHG +H,0+0 = CHS cooH 


This series of reactions indicates that camphoric acid is very closely 
related to camphor, and, indeed, it is usually supposed that the former 
is derived from the latter by the oxidation of the group -CH,*CO- to 
two carboxyl groups, the relationship being well understood from the 
formule 

CH COOH 
CH ; CA <oo0H 
Camphor. Camphoric acid. 
VOL. LXX1. 4K 
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Many experiments have been made with the object of determining 
the constitution of camphoric acid, and many formule have been sug- 
gested for this substance ; but it is hardly likely that its constitution 
will be definitely established until the acid has been prepared syn- 
thetically. 

In the meantime, chemists have also been busily engaged in endeavour- 
ing to discover the constitution of camphoronic acid, as, if the consti- 
tution of this acid, which contains only one carbon atom less than 
camphoric acid, could be definitely settled, very important deductions 
could obviously be made with regard to the constitution of camphoric 
acid, and of camphor itself. 

Kachler (Annalen, 1873, 169, 185), who first obtained camphoronic 
acid in a pure state, considered the acid to be a hydroxydibasic acid, 
C,H,,0,, erystallising with 1H,O, and he suggested the following 
formula as best expressing its constitution : 

H, 
C 
H,C C-CH(OH)-COOH 
H,C COOH 
\o% 
H, 

Kissling (Jnaug. Diss. Wiirzburg, 1878) first showed that camphoronic 
acid had the formula C,H,,0,, and both he and Reyher (Jnaug. Diss. 
Leipzig, 1891) considered the acid to be a hydroxyketodicarboxylic 
acid of the formula CH(CH,),* CH(COOH)-CO-CH,: CH(OH)-COOH. 

Bredt (Annalen, 1884, 226, 249—261) it was who, as the result of 
a careful investigation of the salts of camphoronic acid, first clearly 
showed that the acid was tribasic ; and further, as the acid distilled 
under diminished pressure without decomposing, he concluded that 
the three carboxyl groups must be attached to three different carbon 
atoms, otherwise, if any two carboxyl groups were attached to the 
same carbon atom, the acid would be a substituted malonic acid, and 
like this acid loose carbon dioxide at high temperatures. 

Bredt, at that time, thought it possible that the constitution of 
camphoronic acid was represented by one of the following formule, of 
which he considered I the more probable: 

CH;CH-CH, CH,: CH:CH, 
I. CH,—-C——_- CH, II. H— CH— CH, 
COOH COOH COOH OOH COOH COOH 
8-Isopropyltricarballylic acid. a-Isopropyltricarballylic acid. 


Subsequently, Collie (Ber., 1892, 25, 1116) arrived at the second formula 
for camphoronic acid, from the consideration of a new constitution for 
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camphor which he had suggested, but this formula was clearly proved to 
be incorrect by Kélner and von Meyenburg (Ber., 1891, 24, 2899), who 
prepared a-isopropyltricarballylic acid synthetically, and showed that 
its properties were quite different from those of camphoronic acid. 
The next important step, which had a direct bearing on the question 
of the constitution of camphoronic acid, was the discovery by Bredt 
and Helle (Ber., 1885, 18, 2990 ; 1893, 26, 3049) that this acid, when 
distilled under the ordinary pressure, is slowly but almost completely 
decomposed with formation of trimethylsuccinic acid, isobutyric acid, 
and other products. Since the formation of trimethylsuccinic acid in 
this way is an indication that camphoronic acid probably contains the 


group COOH: C(CH,),*O(CH,)*COOH, Bredt proposed the formula 
COOH: C(CH,),* C(CH,)(COOH):CH,* COOH for camphoronic acid, and 
represented the series—camphor, camphoric acid, camphanic acid, and 
camphoronic acid—in the following way : 


CH,—CH——CH, CH,—CH- COOH 
|  O(CH,), | | O(CH,), 
CH,—C(CH,)-CO CH,—C(CH,)-COOH 


Camphor. Camphoric acid. 
CH,—¢—— COOH COOH ¢ooH 
| $(CH,), 9 | C(CH,), 
OH,—0(CH,)—CO CH,——C(CH,)-COOH 


Camphanic acid. Camphoronic acid. 


bringing out very clearly the relationship which exists between them. 

Recently Tiemann (Ber., 1895, 28, 1089) suggested a modification of 
Bredt’s formula as the probable constitution of camphor, and was thus 
led to represent the above series in quite a different way. 


(CH,),C-— CH—CH, 
ee 
CH, CH—CH—CO 


Camphor. 
(CH,),C—- CH—CO 
CH, O 


CH,: CH—C——COOH 


Camphanic acid. 


(CH,),C — CH: COOH 


; H, 
CH,-CH— CH: (OOH 


Camphoric acid. 


(CH,),0 — CH- COOH 


COOH 
CH, CH—COOH 


Camphoronic acid. 


It is remarkable that Tiemann should have suggested a formula for 
camphoronic acid which contains the group -CH(COOH).,, especially 
when it is borne in mind that this acid may be distilled without loss 
of carbon dioxide at 200° under reduced pressure, a behaviour which is 
shown by no other derivative of malonic acid. In order to get over 


4K 2 
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this difficulty, Tiemann assumes that camphoronic acid, when heated, 
is converted into an anhydro-acid of the formula 
CH,*CH-C(CHs),° _ COOH 
cO—-O— 
and that this acid is stable at high temperatures. 
But, as was pointed out by one of us (Proc, 1896, p. 189), com- 
pounds of this nature when heated lose carbon dioxide in the same way 
as derivatives of malonic acid ; for example, carbobutyrolactonic acid, 


a send ie a decomposes at comparatively low temperatures 
quite readily into butyrolactone and carbon dioxide, but a still better 
example is given by Bredt (Annalen, 1896, 292, 130) in ethylmethylcar- 
boxyglutaric acid, COOH: CH(CH,),°CH,*C(C,H;)(COOH), (Bischoff, 
Ber, 1891, 24, 1050), the formula of which is closely related toTiemann’s 
formula for camphoronic acid, and which, when heated at 166°5°, 
melts with evolution of carbon dioxide. 

In order, however, to bring still further evidence against Tiemann’s 
formula camphoronic acid was heated under conditions which pre- 
cluded the possibility of the formation of the anhydro-acid, namely, in 
solution in water at 230°, and still no decomposition could be detected, 
the acid being recovered quite unchanged on evaporating the solution 
(Perkin, Joc. cit.). 

Subsequently, Bredt (Annalen, 1896, 292, 131) showed that the tri- 
ethylic salt of camphoronic acid does not react with sodium, as it would 
be expected to do if it contained the group -CH(COOC,H,).. 

Whilst, then, it had been shown that Tiemann’s formula was incor- 
rect, it still remained to prove definitely the correctness of Bredt’s 
formula, and the most satisfactory way of doing this seemed to be to 
prepare an acid of this formula synthetically, and to compare the 
synthetical acid with that obtained from camphor. 

The first experiments on this subject were instituted by Dr. Bone 
and one of us, and the method which was then tried was the follow- 
ing. Ethylic bromotrimethylsuccinate, 

COOC,H,: C(CH,),* CBr(CH,): COOC,H,, 

was first prepared by brominating trimethylsuccinic anhydride and 
treating the bromo-anhydride thus obtained with alcohol. This 
ethereal salt was then digested in alcoholic solution with ethylic 
sodiomalonate, when it was expected that the following reaction would 
take place. 

COOC,H,: C(CH,),* CBr(CH,)*COOC,H, + CHNa(COOC,H,), = 

COOC,H,: C(CH,),* C(CH,)(COOC,H,)* CH(COOC,H,), + NaBr. 

The ethereal salt thus formed should, on hydrolysis and elimination 
of carbon dioxide, yield camphoronic acid, 
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COOH: C(CH,),* C(CH,)(COOH): CH(COOH), — CO, = 
COOH: C(CH,),*C(CH,)(COOH): CH,: COOH. 

The product of this reaction, after hydrolysis and subsequent 
heating at 180°, was carefully investigated, butit did not appear to 
contain camphoronic acid. As, however, we were at that time not 
sufficiently well acquainted with the method of isolation of small 
quantities of camphoronic acid, we are again investigating this reaction, 
and hope soon to be able to communicate the results of our experiments 
to the Society. Several other reactions which seemed likely to yield 
camphoronic acid were subsequently investigated, but also without 
success, until ultimately the method which is described in this paper 
was devised and found on trial to give the desired result. 

Ethylic B-hydroxy-aaf-trimethylglutarate, 

COOC,H,-° C(CH,),* C(OH)(CH,)* CH,* COOC,H,, 
was prepared by two different reactions which left no doubt as to its 
constitution, namely, the action of zinc on mixtures of (I) ethylic 
acetoacetate with ethylic bromisobutyrate, and (II) ethylic dimethyl- 
acetoacetate with ethylic bromacetate.* 


(CH,),CBr , CO—CH, | (CH,),C—CO | CH,Br 


C,H,00C CH, COOC,H, | C,H,OOC CH, 00C,H, 
I. II. 
give (CH,),0¢—C(OH)—-CH, 
C,H,OOC CH,  COOC,H,; 


In both cases, an ethereal salt boiling at 165° (30 mm.) was 
obtained; this consisted for the most part of ethylic hydroxytri- 
methylglutarate, but mixed with varying quantities of ethylic 
trimethylglutaconate, COOC,H,* C(CH,),.*C(CH,):CH*COOC,H,, the 
latter being produced by the elimination of water from the hydroxy- 
compound, either during the condensation, or more probably during 
the subsequent fractionation of the ethereal salt under reduced 
pressure. Since, then, the products from the two reactions represented 
above are identical, there can be no doubt as to the constitution of the 
compound used as the starting point in this synthesis. When ethylic 
hydroxytrimethylglutarate, obtained by either of these methods, is 
hydrolysed with dilute hydrochloric acid, B-hydroxy-aaf-trimethyl- 
glutaric acid, COOH: C(CH,),*C(OH)(CH,)*CH,*COOH, melting at 
128° is produced, together with small quantities of trimethylglutaconic 
acid, COOH: C(CH,),*C(CH,):CH-COOH ; if, however, concentrated 
hydrochloric acid is employed, the product of the reaction consists 
almost entirely of the latter acid. Boiling with alcoholic potash 
decomposes ethylic hydroxytrimethylglutarate with formation of 
acetic and isobutyric acids. 

* Compare Trans. ,' 1896, 69, 1463, 
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Ethylic hydroxytrimethylglutarate is readily acted on by phosphorus 
pentachloride with formation of ethylic chlorotrimethylglutarate, 
COO0,H,*C(CH,),*CCl(CH,)*CH,*COOC,H,, boiling at 139° under 20 
mm. pressure; this has been obtained in a pure condition only on one 
or two occasions, as usually it contains varying quantities of ethylic 
trimethylglutaconate, which, as stated above, is present in the hydroxy- 
ethereal salt prepared by the methods adopted. Ethylic bromo- 
trimethylglutarate, prepared in an analogous‘way, boils at 160° 
(35 mm.). If either the chloro- or bromo-derivative is heated with 
potassium cyanide and alcohol at 160° for 12 hours, ethylic cyano- 
trimethylglutarate, COOC,H,*C(CH,),* C(CN)(CH,)-CH,* COOC,H,, is 
obtained as a colourless oil which distils approximately at 170—175° 
(25 mm.) ; this, like the bromo- and chloro-derivatives, always contains 
varying quantities of ethylic trimethylglutaconate, so much of the 
latter sometimes being present that it must evidently be produced by 
the action of the potassium cyanide on the halogen ethereal salt. 

When the cyano-ethereal salt is hydrolysed by boiling with hydro- 
chloric acid, and the product allowed to cool, large quantities of 
trimethylglu‘aconic acid separate; and the amount is usually so 
considerable that we are forced to the conclusion that some of it 
must be formed by the elimination of hydrogen cyanide during the 
hydrolysis. 

If now the crystals of trimethylglutaconic acid are removed by 
filtration, and the filtrate, after being rendered strongly alkaline with 
ammonia, is mixed with barium chloride, no precipitate is produced 
in the cold, but, on boiling, a small quantity of a sparingly soluble 
barium salt separates ; this has been proved to be the barium salt of 
<-camphoronic acid, the synthesis of the acid having taken place thus : 


C000,H,*C(CH,),°C(CH,)(CN)-CH,*COOC,H, + HCl +4H,0 
= COOH-C(CH,),*C(CH,)(COOH)-CH,-COOH + NH,Cl + 20,H,-OH. 


Aschan (Ber., 1895, 28, 16 and 224), who has so carefully examined 
camphoronic acid, has shown that this acid is capable of existing in 
three well-defined modifications, namely, as d-, /-, and 7-camphoronic acid. 
d-Camphoronic acid,* produced by the oxidation of d-camphor and of 
d-camphoric acid, melts at 156°, dissolves in 6 parts of water at 20°, 
and is levorotatory, [a|;= — 26°9. 

1-Camphoronic acid, which was isolated by Aschan from the residues 

* As ordinary camphoronic acid is derived from the oxidation of d-camphor and 
d-camphoric acid, it appears to us that, although it happens to be levorotatory, it 
must nevertheless be called d-camphoronic acid ; the relationship between these 
substances being somewhat similar to that of d-glucose and d-fructose, the latter 
receiving the prefix @ in spite of its powerful levorotatory action, owing to its 
belonging to the same class as d-glucose. For this reason we have taken the liberty 
of reversing the prefixes d and 7 used by Aschan, 
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obtained in the preparation of /-camphoric acid from /-borneol, melts at 
158—159°, dissolves in 6 parts of water at 20°, and is dextrorotatory, 
the value [a];= + 27°05 corresponding exactly with the reverse value 
of the d-acid. 

i-Camphoronic acid was prepared by Aschan by mixing solutions of 
equal proportions of the d- and /- acids ; it differs from the active acids 
in being much less soluble in water (1 part requires 27 parts of water 
at 20°), in crystallising in much better defined crystals, and in melting 
at a somewhat higher temperature, namely, about 172°. 

Thanks to the kindness of Dr. Aschan in sending us a small sample 
of his inactive acid, we were enabled to compare its properties with 
those of the synthetical acid obtained by us, the result proving 
that the two acids are identical, the following points being perhaps 
especially worthy of notice. 

(1) Both acids crystallise from water in hard, transparent prisms, 
which, when examined under the microscope, are seen to be identical 
in form. 

(2) Both acids when heated side by side on the same thermometer 
soften at about 167° and melt at 169—172°, moreover, no alteration in 
the melting point could be observed when they were mixed in equal 
proportions. 

(3) A solution of either acid in water, after the addition of excess 
of ammonia, gives no precipitate with barium chloride in the cold, but 
on warming a very sparingly soluble barium salt separates, closely 
resembling barium sulphate in appearance. 

(4) When heated with acetic anhydride under the conditions de- 
scribed in the experimental part of this paper, both acids give the 
same anhydrocamphoronic acid, melting at about 136—137°. 

(5) An aqueous solution of the synthetical acid was examined by 
Dr. W. H. Perkin, sen., and found to be inactive, 

There can be no doubt that the synthetical acid is -camphoronic acid, 
and this synthesis proves conclusively that camphoronic acid must, as 
was first suggested by Bredt (Ber., 1893, 26, 3049), have the con- 
stitution of a trimethyltricarballylic acid of the formula 


(CH,),¢-— 0(CH,) —CH, 
OOH COOH COOH. 


It is very unfortunate that, for reasons stated above, the yield of 
camphoronic acid obtained in this synthesis should be small, so small, 
indeed, as to necessitate the employment of large quantities of material 
in order to prepare a few grams of the acid. In order to determine 
whether an independent worker would get the same result as we had 
done, we requested Mr. Hodgson, a student of Owens College, to repeat 
from the commencement the whole of our experiments on the synthesis 
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and isolation of camphoronic acid, and he prepared in the course of 
his repetition of our work about 2 grams of the pure synthetical acid. 
We are much indebted to Mr, Hodgson for so kindly placing his time 
(nearly 4 months) at our disposal, and for the skill with which he 
carried out this very difficult piece of experimental work. 


During the course of the above synthetical experiments, a consider- 
able quantity of trimethylglutaconic acid had accumulated, and this 
we have very carefully investigated, and with very interesting results. 
Trimethylglutaconic acid, COOH~+C(CH,),*C(CH,):CH:*COOH, al- 
though unsaturated, is scarcely attacked in the cold by alkaline per- 
manganate, and its solution in chloroform does not decolorise bromine 
except on long standing, when dibromotrimethylglutaric acid, 

COOH:C(CH,),*CBr(CH,)*CHBr:COOH, 
melting at 169°, is produced. Sodium amalgam appears to have no 
action on the solytion of the acid in caustic soda even on boiling, and, 
indeed, great difficulty was experienced in reducing the acid at all ; 
ultimately, however, this was accomplished by repeatedly treating the 
acid in boiling alcoholic solution with sodium.* 

aaB-Trimethylglutaric acid, obtained in this way, is a beautifully 
crystalline substance which melts at 112° and shows all the properties 
of a substituted glutaric acid: it is an acid of more than ordinary 
interest for the following reasons. 

In 1894, Balbiano (Berichte, 1894, 2'7, 2133), by the oxidation of 
camphoric acid with permanganate at the ordinary temperature, obtained 
a crystalline acid of the formula C,H,,0,, the constitution of which, 
after very careful examination, he now (Berichte, 1897, 30, 1908) ex- 
presses by the formula 


COOH: 0(CH,)*C(CH,),"CH: COOH 
©) 


This acid on reduction with hydriodic acid is converted into a mono- 
basic lactone acid of the probable formula 


* This extraordinary stability of trimethylglutaconic acid seems to suggest that 
there is a possibility of the constitution of the acid being represented by a formula 
different from that given above. In the elimination of water from hydroxytrimethyl- 
glutaric acid or its ethereal salt (or of hydrogen chloride or bromide from the 
corresponding chloro- or bromo-derivative), it is possible that the change may take 
place thus with formation of a trimethylene derivative 


CH,CH,; OH CH, CH; CH, CH, 
a / ae . 
COOH*U -— C°CH,* COOH=H,0 + COOH*C———C:CH,*COOH 
If the acid, called by us trimethylglutaconic acid, should prove to have the constitu- 


tion represented by the latter formula, it would. be easy to understand its stability 
towards permanganate, bromine, and reducing agents, 
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CH(CH,)-C(CH,),* CH: COOH 
co O 


and this, on further reduction, yields a trimethylglutaric acid, which 
Balbiano assumed to have the formula 
COOH: CH(CH,):C(CH,),* CH,* COOH, 
since this acid, on oxidation, yields aa-dimethylsuccinic acid, 
COOH:-C(CH,),* CH,» COOH. 

This decomposition is no doubt best explained on the assumption 
that this trimethylglutaric acid has the formula given to it by Balbiano, 
but on the other hand the aaf-trimethyl acid, 

COOH: 0(CH,),* CH(CH,):CH,* COOH, 
might also yield aa-dimethylsuccinic acid on oxidation, and therefore, 
in order to determine the constitution of Balbiano’s acid, it was neces- 
sary to synthesise either the aaf- or the aff-trimethylglutaric acid, 
and directly compare the synthetical acid with the acid from 
camphor. 

In view of the great interest attaching to Balbiano’s work, we have 
carefully studied our aa8-trimethylglutaric acid, and we find that, when 
pure, this acid melts at 112°, that it gives an anhydride melting at 39°, 
and an anilic acid melting at 155°. Balbiano’s trimethylglutaric acid, 
on the other hand, melts at 88—89°, gives an anhydride melting at 81°, 
and an auilic acid * melting, not quite sharply, at 149—150°. 

From this, it is evident that Balbiano’s acid is isomeric with our 
aaf-trimethylglutaric acid, and it must therefore be, as its discoverer 
suggested, the aBB-acid, COOH: C(CH,)-C(CH,),* CH,» COOH. 

During the course of our experiments on the reduction of trimethyl- 
glutaconic acid, we found that this acid, when treated in boiling amylic 
alcohol solution with sodium is, curiously enough, not reduced, but is 
converted into a most beautifully crystalline substance of the formula 
C,H,,0,. This compound crystallises from water unchanged, but it is, 
nevertheless, the anhydride of a dibasic acid, since it gives, with aniline, 
an anilie acid, C,H,,(COOH)-CO-NH:C,H,(m. p. 138°) and this, when 
heated, is readily converted into the corresponding anit, 


C 
OH <pO>N' OH 


melting at 148°. 


* This a88-trimethylglutaranilic acid had not been described, and we prepared it 
for comparison with our isomeric anilic acid by dissolving 0°7 gram of the an- 
hydride of Balbiano’s acid in benzene, adding 0°7 gram of aniline and allowing 
the mixture, which became very warm, to stand. The crystals which separated were 
collected, recrystallised from dilute methylic alcohol, and the glistening, crystalline 
mass, which melted approximately at 149°, was analysed with the following result : 


0°1117 gram gave 5°4 c.c. nitrogen at 17° and 760 mm. N=5°60. 
C,,H,,NO, requires N=5°63 per cent. 
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The anhydride, which we have named iso-trimethylgtutaconic anhy- 
dride, dissolves in boiling potash solution, and if the solution be cooled 
to 0° and acidified with hydrochloric acid, the corresponding iso-tri- 
methylglutaconic acid is obtained. 

At its melting point (133°), this acid is converted into its anhydride 
with elimination of water, and the ease with which the anhydride is 
formed is shown by the fact that if the aqueous solution of the acid is 
boiled, the anhydride, and not the acid, separates on cooling. It seems 
probable that trimethylglutaconic acid and iso-trimethylglutaconic acid 
like fumaric and maleic acids, or mesaconic and citraconic acids, are 
stereoisomeric. The similarity in constitution between the two latter 
acids and the glutaconic acids becomes very clear from an examination 
of the following formule. 

COOH: C-CH, CH,: C-COOH 
H:C-COOH H-C-COOH 
(trans) Mesaconic acid. (cis) Citraconic acid. 
COOH: C(CH,),° C-CH, CH, C-O(CHs)," COOH 
H:C-COOH H:C-COOH 
(trans) Trimethylglutaconic acid. (cis) iso-Trimethylglutaconic acid. 

The cis-modification of trimethylglutaconic acid would, like maleic 
and citraconic acids, readily yield an anhydride, but it is certainly 
remarkable that the formation of this anhydride should take place 
so very easily, the only analogous case being that of xeronic acid 
(diethylmaleic acid), an acid which is in many respects very similar to 
iso-trimethylglutaconic acid in its properties. 

We are at present engaged in # further investigation of the tri- 
methylglutaconic acids with a view of determining whether, and under 
what conditions, they may be converted into one another. 


EXPERIMENTAL. 


Condensation of Ethylic Dimethylacetoacetate with Ethylic Bromacetate 
in the presence of Zinc. Formation of Ethylic aaf-Trimethyl-B-hydroxy- 
glutarate, COOC,H,* C(CH,),*°C(OH)(CH,)-CH,* COOC,H,. 

After numerous experiments, it was found that this condensation 
could best be carried out in the following way. 

Ethylic dimethylacetoacetate (50 grams) mixed with ethylic brom- 
acetate (50 grams) is heated in a reflux apparatus on a water bath 
until the mixture has reached the temperature of 90—95°; a small 
quantity of zinc* (about 1 gram) is then added, and the flask shaken 

* In order that this reaction may proceed satisfactorily, the zinc used mast be 


thoroughly cleaned, that is, it must be quite free from grease and oxide ; with this 
object, commercial zine turnings are first passed through a sieve to remove the 
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vigorously until the metal has almost dissolved ; another gram of zinc 
is then added and the process continued until the metal is only very 
slowly attacked ; excess of zinc is now added and the whole heated on 
the water bath for 10—12 hours. 

The addition of the zinc * to the hot mixture of ethylic salts in this 
experiment should be carefully carried out, as otherwise a very violent 
action may set in, in which case there is a great decrease in the 
yield owing to overheating and loss of the bromethylic salt by evapora- 
tion and decomposition. . 

The product consistsof a brown, viscouszince compound containing large 
quantities of unchanged zinc. On adding dilute sulphuric acid (1:10), 
the zinc compound is decomposed and a brown oil separates which is 
extracted by three successive treatments with ether, the ethereal solution 
is washed at least six times with dilute sulphuric acid, then with water, 
dried over potassium carbonate, and the ether distilled off. Itis most 
important that the ethereal solution should be thoroughly and repeatedly 
washed with dilute sulphuric acid, as insufficient washing always yields 
a product containing zinc salts and which decomposes on subsequent 
distillation. On distilling the oil under reduced pressure (30 mm.), a 
large quantity of a fraction of low boiling point is first obtained 
consisting largely of unchanged ethylic dimethylacetoacetate, the 
thermometer then rises rapidly to 160°, the crude condensation product 
passing over between this temperature and 180°, leaving a small 
quantity of substance of high boiling point. On refractionation, the 
bulk distils at 160—170° (30 mm.). The fraction distilling at 165° 
(30 mm.) gave the following results on analysis. 


0°1420 gave 0°3056 CO, and 01140 H,O. C=58°69; H=8'92. 
01278 ,, 0:2751 CO, and 0:1041 H,O. C=5860; H=9-05. 
C,,H,.0; requires: C = 58°54 ; H =8-94 per cent. 


The substance prepared in this way is a colourless, moderately limpid 
liquid with a peculiar smell, and consists for the most part of ethylic 


trimethylhydroxyglutarate. 
COOC,H,° C(CH,),* C(OH)(CH,)-CH,* COOC,H,. 
It appears, however (see p. 1173), always to contain some ethylic 
aa8-trimethylglutaconate, COOC,H,*C(CH,),*C(CH,):CH*COOC,H,, 


coarser particles, and well washed, first with water, then with hot dilute soda, again 
with water, and lastly with very dilute hydrochloric acid and water. Finally, the 
zinc is dried by treatment with alcohol and ether, and subsequent heating in a 
steam oven. 

* In some cases, no action takes place for a long time, the zinc being only very 
slowly attacked, whilst in others, apparently under exactly the same conditions, the 
zine dissolves at once, with considerable rise of temperature. The yield of con- 
densation product is undoubtedly more satisfactory when the reaction proceeds 
quietly, 
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produced probably by elimination of water during distillation ; some- 
times it contains traces only of the unsaturated ethereal salt, whilst at 
other times large quantities are present. 


aa-Trimethyl-B-hydroxyglutaric Acid, 
COOH: 0(CH,),*C(OH)(CH,):CH,* COOH. 


When ethylic trimethylhydroxyglutarate is digested with alcoholic 
potash, it is entirely split up into acetic and isobutyric acids, but if 
carefully boiled with dilute hydrochloric acid (3 acid: 1 water) for 
about 10 to 12 hours, hydrolysis ensues without appreciable decom- 
position; on cooling, a small quantity of trimethylglutaconic acid, 
COOH: C(CH,),* C(CH,):CH: COOH (p. 1182), separates in the crystal- 
line state. 

On allowing the mother liquor from these crystals to evaporate to 
dryness over potash in a vacuum desiccator, an acid was obtained which, 
after recrystallisation from a mixture of ethylic acetate and light 
petroleum, gave the following results on analysis. 


0:2134 gave 0:°3936 CO, and 0°1421 H,O. C=50°30; H=7°4. 
C.H,,0, requires C=50°52 ; H=7-36 per cent. 


This acid is evidently trimethylhydroxyglutaric acid, produced by the 


direct hydrolysis of the ethereal salt; it crystallises in well-defined, 
colourless prisms, melts at 128°, and is readily soluble in water and in 
most solvents except light petroleum. 


Ethylic aaf-Trimethyl-B-chloroglutarate, 
COOC,H,° C(CH;),*CCl(CH,)-CH,° COOC,H,. 


This ethereal salt was prepared by gradually adding phosphorus 
pentachloride (25 grams) to ethylic trimethylhydroxyglutarate (25 
grams) contained in a flask connected with a long tube to lead off the 
hydrogen chloride produced during the action. 

The pentachloride rapidly attacks the oil, and a vigorous reaction 
takes place with considerable rise of temperature and evolution of 
much hydrogen chloride ; after about an hour, and as soon as the 
pentachloride has entirely disappeared, the reaction is completed by 
heating for 15 minutes on the water bath. 

The product is now carefully poured into ice cold alcohol, the alco- 
holic solution, after some time, is mixed with water, the oily deposit 
extracted with ether, and the ethereal solution well washed with water 
and dilute sodium carbonate. After drying over calcium chloride and 
distilling off the ether, crude ethylic trimethylchloroglutarate is ob- 
tained as a slightly yellowish oil, which is somewhat unstable, as on 
distilling it under the ordinary pressure, hydrogen chloride is eliminated 
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with production of ethylic trimethylglutaconate; under diminished 
pressure (20 mm.), however, it passes over unchanged at 139° as a 
colourless oil. On analysis, it yielded the following numbers. 


0°2010 gave 0°1935 AgCl. Cl=13°39. 
C,,H,,ClO, requires Cl = 13°42 per cent. 


The action of phosphorus pentachloride on ethylic trimethylhydroxy- 
glutarate has been carried out in a variety of ways and under various 
conditions, but only on rare occasions has the product been found to 
contain the theoretical amount of chlorine as in the case given above. 

Frequently the oil has contained only 7—8 per cent. of chlorine, 
whilst on one occasion it was almost free from halogen, and was found 
on examination to consist of almost pure ethylic trimethylglutaconate. 
This unpleasant behaviour, which very much retarded the progress of 
this research, may be explained by the unsuspected presence of large 
quantities of ethylic trimethylglutaconate in some of the samples of 
crude ethylic trimethylhydroxyglutarate used, and also by the elimina- 
tion of hydrogen chloride from the product of the reaction during 
distillation, this being due possibly to the presence of moisture and 
other impurities. 

The elimination of hydrogen chloride from ethylic trimethylchloro- 
glutarate undoubtedly takes place very readily ; it was found, for ex- 
ample, impossible to reduce it even when ice-ccld alcoholic hydrogen 
chloride and zinc dust were employed as the reducing agent; the 
‘emperature was never allowed to rise above 0°, but notwithstanding 
these precautions the product consisted entirely of ethylic trimethy]l- 
glutaconate. 


Ethylic aaB-Trimethyl-B-bromoglutarate, 
COOC,H,- C(CH,),* CBr(CH,)*CH,*COOC,H,. 


This is prepared in a precisely similar manner to the chloro-derivative 
just described, namely, by the gradual addition of phosphorus penta- 
bromide (52 grams) to ethylic trimethylhydroxyglutarate (25 grams), 
and subsequently heating the product for a short time on the water 
bath. It was isolated, exactly as in the case of the chlorinated 
compound, as a yellowish oil (28 grams) which distilled with slight 
decomposition at about 145° (18 mm.). 


02542 gave 0°138 AgBr. Br=23:12. 
C,,H,, BrO, requires Br = 25°23 per cent. 


The percentage of bromine in the various samples of this brom- 
ethereal salt which were prepared during the course of this research 
varied considerably, although not nearly to the same extent as in the 
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case of the corresponding chlorinated ethereal salt ; it appears, there- 
fore, that the former is more stable than the latter, and this was borne 
out by subsequent experiments with these compounds. 


aaB-Trimethylglutaconic Acid, 
COOH: C(CH,),* C(CH,):CH:- COOH. 


During the course of this investigation, this acid has been prepared 
by a variety of methods, of which the following may be described. 

I. By the Hydrolysis of Ethylice Trimethythydroxyglutarate.—It has 
already been mentioned (p. 1180) that this ethereal salt, when treated 
with alkalis, does.not yield the corresponding acid, but is split up into 
acetic and isobutyric acids ; if, however, the hydrolysis is carried out 
by boiling with concentrated hydrochloric acid until the oily ethereal 
salt has disappeared, the solution on cooling deposits crystals of tri- 
methylglutaconic acid. 

After recrystallisation from water, this acid was readily obtained 
pure, melting at 148°. 


0°1663 gave 0°3378 CO, and 0°1061 H,O. [C=55°31 ; H=7-08. 
C,H,,0, requires C=55-80 ; H=6-97 per cent. 


Il. By the Action of Diethylaniline on Ethylic Trimethylbromo- 
glutarate.—In this experiment, the brominated ethereal salt (23 grams) 
mixed with diethylaniline (50 grams) was heated to gentle ebullition 
in a reflux apparatus for about an hour. The dark coloured product, 
when cold, was mixed with excess of dilute hydrochloric acid, extracted 
three times with ether, and the ethereal solution, after being well 
washed with dilute acid, was dried over potassium carbonate and 
evaporated ; the oily residue, on being submitted to two fractiona- 
tions under reduced pressure, passed over almost entirely at 160—165° 
(30 mm.), and consisted of nearly pure ethylic trimethylglutaconate 
as the following analysis shows. 


0°1390 gave 0:°3210 CO, and 0:1140 H,O. C=62:°98; H=9-11. 
C,,.H,,0, requires C= 63:16 ; H=8-77 per cent. 


The results of the hydrolysis of this ethereal salt with alcoholic 
potash were not very satisfactory, the acid obtained being contaminated 
with some sticky substance which rendered it difficult to purify. Itis 
far better to boil it with hydrochloric acid until the oily drops have 
disappeared ; on cooling, crystals of trimethylglutaconic acid separate 
and can be readily purified by a single crystallisation from water. 


0°1110 gave 02279 CO, and 0:0710 H,O. C=55:95; H=7-10. 
C,H,,0, requires C=55°80 H=6-97 per cent. 
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Alcoholic potash appears to act on ethylic trimethylchloro- or bromo- 
glutarate in somewhat the same way as diethylaniline, since in both cases 
considerable quantities of trimethylglutaconic acid are formed. 

Ill. By the Action of Zinc Dust on Ethylic Trimethylchloroglutarate. 
—This method, which is a rather curious one to employ in obtaining an 
unsaturated acid, gives such a good yield of trimethylglutaconic acid 
that it was usually employed in preparing this substance. 

Ethylic trimethylchloroglutarate (25 grams) dissolved in absolute 
alcohol (100 grams) was saturated with hydrogen chloride, and about 
20 grams of zinc dust was then gradually added to the well cooled 
solution ; when all had dissolved, the product was poured into water 
and extracted three times with ether. The ethereal solution, after being 
thoroughly washed with water and with dilute sodium carbonate, was 
dried over anhydrous potassium carbonate, evaporated, and the residual 
almost colourless oil purified by distillation under reduced pressure 
(30 mm.) ; almost the whole passed over between 160° and 165°, the 
distillate consisting of nearly pure ethylic trimethylglutaconate con- 
taining evidently, at the most, only a trace of ethylic trimethyl- 
glutarate. 

0°2204 gave 0°5113 CO, and 0°1733 H,O. C=63:27; H=8°74. 

C,,H,,0, requires C= 63°15 ; H=8-77 per cent. 

On hydrolysing this ethereal salt with hydrochloric acid as before, the 
oily drops disappeared after 12 hours’ boiling, and on cooling a large 
quantity of a crystalline acid slowly separated. This, after being 
collected and recrystallised from water, was analysed and found to be 
trimethylglutaconic acid. 

0°1510 gave 0°3074 CO, and 0:0948 H,O. C=55°59; H=6:97. 

C,H,,0, requires C= 55°80; H=6°97 per cent. 

Trimethylglutaconic acid is sparingly soluble in cold water, but 
dissolves readily in boiling water, and separates on cooling in well- 
defined, lustrous plates which melt at 148°. It is remarkable that 
its solution in sodium carbonate does not decolorise permanganate except 
on long standing ; bromine also acts only very slowly on the acid, with 
ultimate formation of trimethyldibromoglutaconic acid, 

COOH: C(CH,),: C(CH,)Br-CHBr-COOH. 
(see next section). 

Salis of Trimethylglutaconic Acid. The silver salt, C,H,)Ag,O,.—This 
is obtained as a white precipitate on adding silver nitrate to a slightly 
alkaline solution of the ammonium salt. 


0°2170, on ignition, gave 01211 Ag. Ag=55-85. 
C,H,,Ag,O, requires Ag = 55°87 per cent. 
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The most characteristic salt of this acid is the copper salt which 
separates from the neutral solution of the ammonium salt on the ad- 
dition of copper acetate, as a bright blue, crystalline precipitate which 
is sparingly soluble in water. This salt, which is useful in separating 
trimethylglutaconic acid from other acids, yields the acid in a beauti- 
fully pure condition when decomposed with sulphuretted hydrogen. 

Trimethylglutaconic acid dissolves in acetyl chloride, but without 
formation of an anhydride, the solution, even after boiling for some 
time, depositing the unchanged acid on evaporation. On the other 
hand, prolonged boiling with acetic anhydride gives rise to the forma- 
tion of an oil boiling at about 160—170° (30 mm.) ; this is at present 
under examination. 


aas-Tyimethyl-a,B-dibromoglutaric Acid. 
COOH: 0(CH,),*C(CH,)Br* CHBr* COOH. 


® Bromine acts only very slowly on trimethylglutaconic acid dissolved 
in chloroform, but on long standing it is gradually absorbed with forma- 
tion of the dibromo-acid above mentioned. _In preparing it, excess of 
bromine was added to a solution of the unsaturated acid in chloro- 
form and the mixture left for some weeks, during which time a quantity 
of crystals of the dibromo-compound had separated. The colourless 
crystals were washed with chloroform and analysed. 


02901 gave 0°2433 AgBr. Br= 48-10. 
C,H,,0,Br, requires Br = 48-19 per cent. 


Trimethyldibromoglutaric acid melts and decomposes at about 169° ; 
it is readily soluble in ether, alcohol, acetone, and ethylic acetate, less 
so in carbon bisulphide and chloroform, and almost insoluble in benzene 
and light petroleum. It is readily decomposed by boiling with aqueous 
silver nitrate solution, with separation of silver bromide. 


iso-Trimethylglutaconic Anhydride. 


It has already been stated that trimethylglutaconic acid is only re- 
duced with great difficulty, and in investigating this subject, we on one 
or two occasions experimented on the action of sodium and boiling 
amylic alcohol on the acid, and with very remarkable results. The 
pure unsaturated acid (5 grams) was dissolved in amylic alcohol 
(600 c.c.), the solution heated to boiling, ana then sodium (10 grams) 
added as rapidly as possible. When all the sodium had dissolved, the 
product was mixed with water, the amylic alcohol separated, and the 
aqueous solution boiled until the odour of amylic alcohol was no longer 
perceptible. The concentrated solution of the sodium salt was then 
acidified and extracted with ether, when a substance melting at 
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145—149° was obtained, which consisted chiefly of the unchanged acid. 
However, in subsequent experiments where the above process of reduc- 
tion was repeated five times with the same substance, a product was 
isolated from the sodium salt which melted at 94—97°, and on re- 
crystallisation from water at 107°. The analysis gave the following 
results. 


0°1081 gave 0°2470 CO, and 0°0660 H,O. C=62°31; H=6°79. 
01201 ,, 02734 CO, ,, 0°0738 H,O. C=62°13; H=6-83. 
C,H,,0, requires C = 62°33 ; H=6:50 per cent. 


This substance, which is an anhydride, and which we propose to 
name iso-trimethylglutaconic anhydride, crystallises from water un- 
changed ; it is insoluble in dilute solution of sodium carbonate, but 
dissolves slowly on boiling, and on carefully acidifying the cold solution, 
it deposits needles of the corresponding acid (see next section). The 
anhydride crystallises from acetic anhydride unchanged, and sepa- 
rates from a mixture of benzene and light petroleum in magnificent, 
glistening plates. iso-Trimethylglutaconic anhydride was subsequently 
obtained in considerable quantity in an experiment instituted with the 
object of preparing ethylic trimethylbromoglutarate (p. 1181), but in 
which by accident the wrong proportions of the materials were used. 
Ethylic trimethylhydroxyglutarate (50 grams) was mixed with phos- 
phorus pentabromide (40 grams), and the mixture heated for 6 hours 
on the water bath ; the product, when cold, was poured into alcohol, 
without allowing the temperature to rise above 30°, water was then 
added, and the oily precipitate extracted with ether. After washing 
the ethereal solution well with water and dilute sodium carbonate 
solution, and evaporating the ether, a brownish, oily residue was left, 
the greater part of which distilled between 175° and 185° (35 mm.). 
The distillate, after being left in an ice chest for a few days, deposited a 
large quantity of crystals ; these were collected with the aid of the 
pump and crystallised from benzene and light petroleum. The product 
consisted of pure iso-trimethylglutaconic anhydride melting at 107°. 


0°1356 gave 0°3088 CO, and 0°0822 H,O. C=62:11; H=6-73. 
01394 ,, 0:3197CO, ,, 0°0846H,O. C=6260; H=6°73. 
C,H,,0, requires C = 62:33 ; H=6°50 per cent. 
The oily filtrate from these crystals, on distillation, boiled at 
158—165° under a pressure of 25 mm. ; it contained large quantities 


of bromine, and apparently consisted of ethylic trimethylbromogluta- 
rate. 
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iso-Trimethylglutaconanilic Acid, C,,H,,NO, = C,H, (Guar 


In order to prepare this substance, the pure anhydride was dissolved 
in benzene and the solution mixed with aniline ; very little rise of 
temperature took place, but on standing for a few days crystals 
gradually separated. These, when collected and recrystallised from 
warm dilute methylic alcohol, formed colourless needles. 


01627 gave 8:2 c.c. nitrogen at 14° and 758mm. N=5-91. 
C,,H,,NO, requires N = 5-67 per cent. 


Trimethylglutaconanilic acid melts at about 138° with rapid decom- 
position and formation of the corresponding anil. 


iso-Trimethylglutaconanil, C,4Hy,NO, = CH >N-O,H;. 


This is readily obtained by heating the anilic-acid to boiling for a 
few minutes and recrystallising the residue from dilute methylic alcohol, 
when it separates in long, colourless needles melting at 148°. 


0°1418 gave 7:2 c.c. nitrogen at 15° and 760 mm. N=5:96. 
C,,H,,NO, requires N = 6:11 per cent. 


iso-T'rimethylglutaconic Acid. 


This acid could not be prepared by the action of water on the 
anhydride, as the latter is not acted on by water in the cold, and on 
boiling, although the anhydride dissolves, it separates again on cooling 
unchanged. If, however, the anhydride be boiled with excess of aqueous 
potash, and the solution after cooling to 0° be acidified with dilute 
hydrochloric acid, the acid will gradually separate as a woolly mass of 
very fine needles, which, after collecting by means of the pump, wash- 
ing with ice-cold water, and drying on porous porcelain at the ordinary 
temperature, gave the following results on analysis. 


0°1372 gave 02830 CO, and 0:0916 H,O. C=56:25; H=7-42. 
01522 ,, 0:3117CO, ,, 0°0996 H,O. C=55:90; H=7-28. 
C,H,,0, requires C=55°81 ; H=7-00 per cent. 


iso-Trimethylglutaconic acid if rapidly heated melts at about 133°, 
with evolution of aqueous vapour and formation of the anhydride. It is 
readily soluble in alcohol, ether, or warm water, moderately so in cold 
water, and although it is possible to recrystallise the acid from water, 
the aqueous solution must not be boiled, otherwise the anhydride 
crystallises out on cooling. 
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Salts of iso-Trimethylglutaconic Acid.—The silver salt, C,H,,Ag,0,, 
separates, on the addition of silver nitrate to the neutral solution of 
the ammonium salt, as a white, amorphous precipitate which, after 
washing well, and drying first on a porous plate and then at 100°, gave 
the following results on analysis. 


- 0:2539 gave, on ignition, 01424 Ag. Ag=56-08. 
C,H,,Ag,0, requires Ag = 55°87 per cent. 


The neutral solution of the ammonium salt shows the following 
behaviour with reagents. 

Barium chloride gives at first no precipitate, but after a few minutes 
a beautifully crystalline barium salt separates in four-sided plates which 
are very sparingly soluble even in boiling water. 

Calcium chloride gives at once a microcrystalline precipitate which 
is very sparingly soluble in boiling water. 

Copper acetate gives no immediate precipitate even on boiling, but the 
solution, if left, gradually deposits a beautifully crystalline, copper salt ; 
the crystals under the microscope are deep blue, but not well defined. 


aaf-Trimethylylutaric Acid, COOH: O(CH,),* CH(CH,)-CH, COOH. 


On account of the interest attaching to the isolation and identifica- 
tion of this acid, which has already been noticed in the introduction to 
this paper, we made numerous experiments with the object of prepar- 
ing it from ethylic trimethylhydroxyglutarate, but in performing this 
apparently simple experiment we met with quite unexpected difficulties. 
We, in the first place, endeavoured to reduce the hydroxy-ethereal salt 
directly by heating it with fuming hydriodic acid, and as this failed, we 
next tried the action of various reducing agents on ethylic trimethy]- 
chloroglutarate and on the corresponding bromo-derivative, but in all 
cases we obtained either trimethylglutaconic acid or uninviting oily 
products. The results of these experiments seemed to point to the 
reduction of trimethylglutaconic acid as the only way of preparing tri- 
methylglutaric acid, but it was a long time before a suitable reagent 
could be found for this purpose. 

Sodium amalgam has no action on the unsaturated trimethylgluta 
conic acid, even when the acid is boiled with a large excess of the 
amalgam, and heating with hydriodic acid converted the acid into 
dark coloured, oily substances which could not be purified. Sodium 
and boiling amylic alcohol gave rise to a very remarkable result, iso- 
trimethylglutaconic anhydride being produced, as explained on p. 1184. 

The right reducing agent was, however, at length found in sodium 
and boiling ethylic alcohol, and the method which we adopted for 
preparing trimethylglutaric acid was the following. 

4L2 
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Five grams of trimethylglutaconic acid was dissolved in 200 c.c. of 
absolute alcohol and the solution boiled in a reflux apparatus on a 
sand bath ; 20 grams of sodium was then added through the condenser 
tube as rapidly as possible. When all the sodium had disappeared, the 
product was dissolved in water, evaporated until free from alcohol, 
acidified, and the acid extracted several times with ether. The 
ethereal solution was then evaporated, and the residue reduced again 
exactly as before. After the whole process had been repeated five times, 
the acid was extracted with ether, when, on evaporating the solvent, the 
residue solidified almost completely. The crystalline mass thus 
obtained melted at 80—95°, and it was found necessary to recrystal- 
lise it a great many times from water before the melting point rose to 
112°, which appears to be the correct melting point of aaf-trimethyl- 
glutaric acid. 


0°1280 gave 0°2584 CO, and 0:0938 H,O. C=55°08; H=8:14. 
C,H, ,0, requires C=55:17 ; H=8°05 per cent. 


aaf-Trimethylglutaric acid, is very readily soluble in water and 
most organic solvents, but separates readily from its aqueous solution 
on saturating it with hydrogen chloride. 

Salts of Trimethylglutaric Acid.—The silver salt, C,H,,Ag,O,, was 
obtained in the usual manner as a white, sparingly soluble precipitate, 
and on analysis, the details of which have unfortunately been lost, 
gave the correct results. 

A neutral solution of the ammonium salt shows the following 
behaviour with reagents. 

Lead acetate produces no precipitate in the cold, but, on boiling, a 
characteristic, heavy, white precipitate separates. 

Mercurie chloride gives no precipitate with cold moderate dilute 
solutions, but, on warming, a heavy, yellowish-white, insoluble salt 
separates. 

Mercurous nitrate gives, at once, a heavy white precipitate, which 
dissolves on warming, and separates again as the solution cools. 


Anhydride of aa8-Trimethylglutaric Acid, CH,° OR< HoH Jo" ed 
3/2 


This anhydride was prepared by heating the acid to boiling for some 
time and then distilling the product. The distillate was dissolved in 
ether, the ethereal solution rapidly shaken with sodium carbonate 
solution, dried over calcium chloride and evaporated, when the residue, 
kept overnight in an ice-chest, solidified completely ; this anhydride, 
purified by recrystallisation from light petroleum, was obtained in fine, 
colourless prisms ; it melts at 39°, and dissolves in boiling water with 
re-formation of trimethylglutaric acid, 
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0:2107 gave 0:4774 CO, and 0°1443 H,O. C=61°78 ; H=7°61. 
C,H,,0, requires C= 61°53; H=7-62 per cent. 


aafs-Trimethylglutaranilic Acid. 
C,,H,,NO, =C,H,*NH- CO-C(CH,),* CH(CH,)-CH,* COOH (#). 


On adding aniline to a solution of trimethylglutaric anhydride in 
pure benzene, a crystalline precipitate of the anilic acid is at onre 
produced. This, after being washed with a little benzene and puri .d 
by recrystallisation from dilute alcohol, was obtained in lustrous 
plates melting at 155°. 


0:2060 gave 10 c.c. N, at 18° and 773 mm. N=5-70. 
C,,H,,NO, requires N = 5-63 per cent. 


Trimethylglutaranilic acid is readily soluble in most organic solvents, 
and its general behaviour corresponds closely with that of other known 
anilic acids of the glutaric series. Jt dissolves in sodium carbonate 
solution, but when heated, it does not readily yield the corresponding 
anil, in fact, small quantities of the anilic acid, if rapidly heated, 
distil almost without decomposition. On hydrolysis, the anilic acid is 
decomposed with some difficulty into aniline and trimethylglutaric acid. 


Ethylic aaB-Trimethyl-B-cyanoglutarate, 
COOC,H,°C(CH,),* C(CN)(CH,)*CH,*COOC,H,. 

The preparation of this substance and its subsequent conversion 
into i-camphoronic acid were found to be problems of such experimental 
difficulty as to necessitate more than a year’s work before the desired 
result could be accomplished. 

In the first series of experiments, ethylic trimethyl-8-chloroglutarate 
(p. 1180) was treated with pure potassium cyanide, with or without 
alcohol and other solvents, at temperatures up to 100°, but even when 
the constituents had been heated together for 12 hours at that tem- 
perature the product was found to contain only traces of nitrogen. 

A similar result was obtained when the corresponding bromo-deriva- 
tive was substituted for the chlorinated compound in the same series 
of experiments, and a variety of experiments in which very carefully 
purified, neutral, double cyanides, such as KCN,AgCN ; 2KCN,Zn(CN),; 
2KCN,Hg(CN),, were used instead of the slightly alkaline potassium 
cyanide, also gave negative results. 

Ultimately, however, the desired cyanide was obtained in the 
following comparatively simple manner. 

Ethylic-aa8-trimethyl-8-chloroglutarate (22 grams) was heated in a 
sealed tube with pure potassium cyanide (10 grams) and a little alcohol 
for 6 hours at 150—160°. The dark-coloured product was mixed with 
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water, extracted with ether, and the ethereal solution, after separation 
from a considerable quantity of dark brown insoluble matter, was dried 
over calcium chloride, filtered, and the ether distilled off. In this way, a 
brown oil was obtained which distilled for the most part at 170—180° 
(30 mm.), and gave the following result on analysis. 


0°1850 gave 6°3 c.c. nitrogen at 15° and 760 mm. N=4-02. 
C,,H,,NO, requires N = 5°48 per cent. 


This oil contained, therefore, about 73 per cent. of ethylic cyano- 
trimethylglutarate, but the percentage of nitrogen was found to vary 
very considerably in different preparations. This is, of course, due, in 
the first place, to the fact, already noticed on p. 1181, that the ethylic 
trimethylchloroglutarate employed always contains some, and often a 
considerable quantity of, ethylic trimethylglutaconate ; it is also due, in 
a less degree, to the fact that, during the heating with potassium 
cyanide, a certain amount of the chlorinated ethereal salt appears to be 
converted into ethylic trimethylglutaconate by elimination of hydrogen 
chloride. Unfortunately, the boiling points of the cyano-compound, 
and of the ethylic trimethylglutaconate lie so close together, that 
sepiration cannot be effected by fractional distillation ; but the presence 
of the unsaturated ethereal salt is of no great importance in the 
synthesis for which the cyano-compound was employed. 


Synthesis of i-Camphoronic Acid (aaB-Trimethyltricarballylic Acid), 
COOH: C(CH,),* C(CH,)(COOH)-CH,° COOH. 


When the mixture of ethylic trimethylcyanoglutarate and ethylic- 
trimethylglutaconate, obtained as described in the previous section, is 
digested in a reflux apparatus with concentrated hydrochloric acid, it is 
gradually hydrolysed, and after about 16 hours the oily layer disappears 
almost entirely. If now the liquid be allowed to stand in an ice chest 
for 24 hours, practically the whole of the trimethylglutaconic acid 
present crystallises out, which is fortunate, since the presence of this 
acid greatly interferes with the isolation of the camphoronic acid. 
The filtrate from these crystals, which contains the camphoronic acid, 
is made distinctly alkaline with ammonia, cooled, mixed with an excess 
of a strong solution of barium chloride, and filtered from any slight 
precipitate which may have formed. If, now, the filtrate be heated on 
a water bath and subsequently to boiling, the whole of the camphoronic 
acid is precipitated in the form of an exceedingly sparingly soluble 
barium salt. This salt is collected by means of the pump, well washed, 
and decomposed with the calculated quantity of dilute sulphuric acid ; 
the filtrate from the barium sulphate, if concentrated and allowed to 
stand in an ice-chest, deposits beautiful, colourless, transparent prisms 
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melting at about 158—160°; after recrystallisation, however, the 
melting point rose to about 168°,* decomposition occurring at the 
same time. The results of the analysis agree with those required by 
camphoronic acid. 
0:1258 gave 0:2276 CO, and 0°0746 H,O. C=49°34; H=658. 
01294 ,, 0-2348C0O, ,, 0°0766H,O. C=49:38; H=6°57. 
C,H, ,0, requires C = 49°50; H =6-40 per cent. 


This acid is much less soluble in water than ordinary d-camphoronic 
acid, and erystallises in much more definite crystals; it was further 
characterised by converting it into the following derivatives, which 
were carefully compared with the corresponding derivatives obtained 
from a small quantity of i-camphoronic acid which Dr. O. Aschan 
kindly sent us, and which had been prepared by crystallising together 
equal quantities of the d- and /-acids. 

i-Anhydrocamphoronic Acid, C,H,,0;.—As the result of experiments 
with d-camphoronic acid, it was found that, in cases like the present, 
where only very small quantities of substance are available, the con- 
version of camphoronic acid into the corresponding anhydro-acid is best 
accomplished as follows. 

The finely powdered substance is boiled, in a reflux apparatus, with a 
large excess of acetyl chloride until it has entirely dissolved, which is 
usually the case in about half an hour, the acetyl chloride is then 
evaporated off on the water bath, and the residue allowed to remain 
over solid potash in a vacuum desiccator until it has completely 
solidified. The product is then dissolved in a small quantity of boiling 
benzene, which had previously been carefully dried by repeated dis- 
tillation over sodium, and the solution allowed to stand overnight. 
The crystals of the anhydro-acid which separate are collected, washed 
with a little benzene, and dried at 100°. 

The anhydro-acid obtained from synthetical ¢-camphoronic acid in 
this way began to soften slightly at 128—130°, and melted suddenly 
at 136—137°.+ 


0°1284 gave 0°2544 CO, and 0:0706 H,O. C=54:03; H=6:11. 
C,H,,0, requires C=54°00; H=6-00 per cent. 


The anhydro-acid, prepared from Aschan’s i-camphoronic acid under 
the same conditions, could not be distinguished from the synthetical 
substance, and as the former has not previously been described, it was 
also analysed. 


* The melting point of camphoronic acid depends very much on the conditions 
observed during the determination ; this has also been noticed by Aschan. 

t It is not improbable that this melting point may be somewhat too low, but the 
amount of substance at our disposal was so small that we could not subject it to 
further crystallisation. 
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0°1322 gave 0:2610 CO, and 00718 H,O. C=53°84; H=6-03. 
C,H,,0, requires C=54°00; H=6-00 per cent. 


i-Camphoronanilic acid, C,.H,,NO,.*—This was obtained by treating 
Y 15*419°* 5 y & 


anhydrocamphoronic acid with aniline, parallel experiments being 
made both with our synthetical acid and with Aschan’s acid, the 
conditions observed being exactly the same in both cases. . The 
anhydro-acid was dissolved in hot benzene in a test-tube, the bulk 
of the benzene was then boiled away, and the cold, supersaturated 
solution mixed with rather more than the requisite quantity of aniline. 
The clear solution becomes warm, then suddenly turbid, and deposits 
either a mass of colourless crystals or an oil which rapidly solidifies 
on rubbing with a glass rod. The crystals were washed with benzene, 
drained on a porous plate, and dried at 100°, they then melted at about 
140°, This substance is not very easy to purify by recrystallisation, 
but if it is dissolved in a little hot alcohol, and the solution is then 
mixed with about three times its bulk of benzene, the anilic acid 
gradually separates in colourless crystals which melt at about 149° 
with decomposition. 

The anilic acid prepared from synthetical i-camphoronic acid gave the 
following results on analysis. 


0°0580 gave 2°44 c.c. nitrogen at 16° and 762 mm. N=4:°85. 
C,,H,, NO; requires N = 4°77. 


i-Camphoronanilic acid, prepared from Aschan’s i-camphoronic acid, 
had the same melting point and properties as the synthetical substance. 


01022 gave 4°4 c.c. nitrogen at 20° C. and 754 mm. N= 4°88. 
C,;H,,NO, requires N=4°77 per cent. 


Condensation of LEthylic Acetoacetate with Ethylic a-Bromisobutyrate 
in presence of Zinc. Second Synthesis of Ethylic aaf-Trimethylhydroxy- 
glutarate, COOC,H.-C(CH;),*C(OH)(CH,)*CH,*COOC,H,. 


As already stated in the introduction, this condensation was investi- 
gated in order to prove the constitution of the ethylic trimethy]- 
hydroxyglutarate used in this research. The experiment was carried 
out in a manner precisely sir ilar to that with ethylic dimethylaceto- 


* d-Camphoronanilic acid.—In order to determine the conditions for preparing the 
anilic acid from 7-camphoronic acid, experiments were, in the first place, made with 
the d-acid, and by using the above method considerable quantities of d-camphoron- 
anilic acid were prepared. This compound, which has not been previously described, 
melts, after recrystallisation, at 147—148°, and closely resembles the 7-modificatiom 
in its properties. 

0°112 gave 5 c.c. nitrogen at 24° and 754mm. N=5*v0. 
C,;H,,N O, requires N=4°77 per cent. 


4-CAMPHORONIC ACID. 1193 


acetate and ethylic bromacetate already described. The bromo-ether 
(84 grams) was mixed with ethylic dimethylacetoacetate (58 grams), 
and the zinc gradually added to the hot mixture, the same precautions 
being observed as in the previous case, great care being taken to 
prevent the temperature rising too high, as, unless this is done, a most 
violent action sets in and the yield of product is then very small. 
The product, treated exactly as described on p. 1179, gave an oil boiling 
at 160—170° (30 mm.). 
0-:1775 gave 0°3828 CO, and 0:1722 H,O. C=58°82; H=8-90. 
C,,H,,0, requires C = 58°53 ; H = 8:94 per cent. 


As will be shown below, this ethereal salt is identical with the con- 
densation product obtained by the action of zinc on a mixture of ethylic 
dimethylacetoacetate and ethylic bromacetate, and both products, 
therefore, must consist of ethylic aof-trimethyl-8-hydroxyglutarate 
The yield obtained with the bromacetate is as much as 20—25 
per cent. of the theoretical, whilst if ethylic bromisobutyrate is 
employed the yield hardly ever rises above 8—10 per cent. of the 
theoretical. 

This appears to be due to the fact that zinc acts more readily on 
ethylic bromisobutyrate than on ethylic bromacetate, and when the 
former is employed large quantities of product of low boiling point are 
obtained. These oils, on refractionation under the ordinary pressure, 
were readily separated into two fractions, namely, a very large one, 
110—125°, consisting of a mixture of ethylic isobutyrate and ethylic 
methylacrylate, CH,:C(CH,)-COOC,H,, and a fraction, 170—185° 
consisting of unchanged ethylic acetoacetate. 

Experiments were now made with the object of proving that the 
compound produced by the condensation of ethylic acetoacetate and 
ethylic bromisobutyrate is identical with that obtained by the con- 
densation of ethylic dimethylacetoacetate with ethylic bromacetate, and 
in order to do this the same derivatives were prepared from the former 
product as have already been described as resulting from the latter. 
When treated with phosphorus pentachloride or pentabromide, the con- 
densation product from ethylic bromisobutyrate yielded halogen deriva- 
tives identical in boiling point and other properties with those described 
on pp. 1180 and 1181. 

Both the chloro- and the bromo-derivative, on treatment with zinc 
and subsequent hydrolysis (see p. 1183), yielded trimethylglutaconic 
acid melting at 148°. On analysis, this gave the following result. 


0°2091 gave 0°4265 CO, and 0:1302 H,O. C=55°63; H=6-92 
C,H,,0, requires C = 55°81 ; H=6°97 per cent. 


From this acid, on reduction with sodium and alcohol, aa8-trimethy1- 
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glutaric acid (m. p. 112°) was prepared, and its identity proved by 
analysis and by converting it into its anhydride (m. p. 39°) and into 
its anilic acid (m, p. 155°). 

These experiments prove conclusively the identity of the two con- 
densation products. 

In preparing large quantities of the condensation product from 
ethylic bromisobutyrate and ethylic acetoacetate, we found it con- 
venient to distil off the oil of low boiling point formed during the con- 
densation, and to reserve the residue until a considerable quantity had 
accumulated, before purifying it by fractionation. On standing, this 
crude product deposited a small quantity of a solid substance ; this 
was collected, washed with ether to free it from oil, and the sparingly 
soluble crystals were recrystallised from boiling alcohol. The substance 
was thus obtained in the form of magnificent, long needles, closely 
resembling asbestos in appearance, but the quantity at our disposal 
was so small that only one analysis could be carried out, and this gave 
us no clue as to its constitution. 


01214 gave 0°2768 CO, and 0°0588 H,O. C=62:28; H=5-38. 
C,,H,,0, requires C= 61°85 ; H=5°15 per cent. 


This substance melts at 169° and dissolves in soda, forming a bright 
yellow solution, the colour of which disappears on boiling ; on acidify- 
ing the colourless solution with hydrochloric acid, it deposits an oil. 
It is nearly insoluble in ether, but dissolves readily in alcohol, especi- 
ally on warming, and the solution gives an intense violet coloration 
with ferric chloride. 


OwENS COLLEGE, 
MANCHESTER. 


CXIII.— Yellow Colouring Matters obtained from Rhus 
rhodanthema, Berberis oetnensis, and Rumex obtusifolius. 


By Agtuur Georce Perkin, F.R.S.E. 
Rhus rhodanthema. 


Tue &. rhodanthema, or yellow cedar, a tree growing to the height of 
70 or 80 feet, is indigenous to the northern part of New South Wales. 
Through the kindness of Mr. Henry Smith, of the Technological 
Museum, Sydney, about 2lbs. of chippings from the stem of this 
tree were available for investigation ; these were of an orange-brown 
colour, and contained some yellow mordant dye-stuff, 

Owing to the liberality of Prof. Henry Trimble, of Philadelphia, 
material has been obtained for an investigation of the colouring 
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matters present in various species of rhus, and a preliminary examina- 
tion of these indicates that it is in the leaves alone that any appreciable 
quantity of colouring matter is to be found. This makes the yellow 
cedar more interesting for comparison with Rhus Cotinus (young 
fustic), the only other member of this species which, so far as I am 
aware, contains a colouring matter in the stem. The finely ground 
wood of the cedar was extracted with boiling water, the extract 
treated with lead acetate, and the dull yellow precipitate, after being 
collected and washed, was run, in the form of a thin cream, into 
boiling dilute sulphuric acid, and the clear liquid, separated from the 
lead sulphate, extracted with ether. The extract, when evaporated, 
left a yellow, somewhat viscid residue, and this, on being boiled with 
water, gave a solution which, on cooling, deposited the colouring matter 
as a pale yellow precipitate ; this was collected, washed (the filtrate, A, 
being reserved for examination), and purified by crystallisation from 
dilute alcohol. 


0:1241 gave 0°2855 CO,and0°0405 H,O. C=62'74; H=3°61. 
C,,H,,0, requires C = 62°93 ; H =3°49 per cent. 


It crystallises in glistening, yellow needles soluble in alkalis with a 
yellow colour, and yielding, in alcoholic solution, with lead acetate, an 
orange-red precipitate, and, with ferric chloride, a dark green 


coloration. 
The acetyl compound, prepared in the usual manner, formed colourless 


needles melting at 196—198°. 


0:1210 gave 0°2701 CO, and 0:0450 H,O. C=60°86; H=4:13. 
C,,H,0,(C,H,O), requires C = 60°79 ; H=3-92 per cent. 

For the production of the corresponding benzoyl derivative, it was 
digested with 5 parts of benzoic anhydride at 170° for 2 hours. The 
solution, after treatment with acetic acid, was poured into alcohol, and 
the precipitate purified by crystallisation from a mixture of chloroform 
and alcohol. It was obtained as a glistening mass of colourless 
needles melting at 181—182°. 


0°1220 gave 0°3272 CO, and 0°0440 H,O. C=73:14; H=4-00. 
C,;H,O,(C,H,O), requires C = 73°50; H=3-70 per cent. 


On fusion with alkali, the colouring matter yielded two crystalline 
products, readily identified as protocatechuic acid and resorcinol. The 
colouring matter of Rhus rhodanthema is therefore jfisetin, a fact fully 
borne out by an examination of its dyeing properties. 

The Glucoside.—The aqueous filtrate (A) from the colouring matter 
evidently contained a second substance, being of a somewhat viscid 
nature and of a deep yellow colour. In order to remove the las 
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traces of fisetin, salt was added, the viscid precipitate formed removed 
by filtration, and the filtrate, after treatment with sodium hydrogen 
carbonate, was extracted two or three times with ethylic acetate and 
the extract evaporated. The brown, viscid residue, dissolved in boiling 
acetic acid and diluted with water, gradually deposited crystals ; these 
were collected, drained upon a tile, and purified by repeated crystal- 
lisation from water until colourless. The substance was dried at 110° 
and analysed. 


0°1046 gave 0°2297 CO, and 0°0430 H,O. C=59'89; H=4:56. 
C,,H,,0,, requires C= 60°18; H= 4°45 per cent. 


It crystallises in glistening needles readily soluble in boiling water 
and dyeing mordanted calico shades closely resembling those obtained 
from fisetin itself. With ferric chloride in aqueous ,solution, it gave 
a green coloration, and with lead acetate a pale yellow precipitate 
readily soluble in acetic acid. When heated, it melted and decomposed 
at 215—217°. In order to ascertain whether this substance was a 
glucoside, it was boiled with dilute sulphuric acid for several hours ; a 
small quantity of a yellow precipitate having the properties of fisetin 
separated, but a considerable portion remained unattacked. This pre- 
cipitate separated from the acid liquid on long standing, and its melting 
point was found to be identical with that of the untreated substance. 
The only known glucoside of fisetin is that named fustin, C,,H,.0,,, 
which was isolated from Rhus Cotinus by Schmid (Ber., 1886, 19, 
1753); this occurs in the plant in the form of a tannin compound 
which is readily decomposed by acetic acid into fustin and gallotannic 
acid. The description given by him of its appearance and properties 
closely agrees with those possessed by the substance described above, 
although its percentage composition, C=62°70, H = 4°14, is somewhat 
higher. According to the correct formula for fisetin, fustin must now 
be represented as C,,H..O0,,, C=63°34, H=3°81 per cent., if as sur- 
mised by Schmid, it yields rhamnose when decomposed by acids. 


O,,H,,0,, + 4H,O = 2C,,H,,0, + C,H, ,0,. 


This glucoside is evidently peculiar, yielding as it should 2 mols. of 
colouring matter and but 1 mol. of the sugar, and differs from other 
glucosides of the quercetin group, not only in this respect, but also by 
its extreme stability towards acid. 

To determine, if possible, whether the yellow cedar glucoside was 
distinct from fustin, the filtrate from the lead precipitate was examined, 
this being the source from which Schmid obtained his glucoside when 
examining R. Cotinus. For this purpose, it was concentrated, saturated 
with salt, filtered, the filtrate extracted with ethylic acetate, and the 
extract evaporated. The viscid residue, when dissolved in boiling acetic 
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acid and diluted, gradually deposited crystals, which, after purification, 
melted at 215—217°, and evidently consisted of the product described 
above. A second treatment with hot acetic acid, and subsequent 
crystallisation from water, effected no further purification, so that 
it appeared evident that it was not contaminated with any tannin 
compound, although, judging from Schmid’s investigation of R. Cotinus 
and the detection of gallic acid (see below), such may reasonably be 
expected to exist in the yellow cedar. On analysis, it gave numbers 
agreeing with those previously obtained. 


0:1019 gave 0:2250 CO, and 0:0367 H,O. C=60°21; H=4-00. 
- O,gH,,0,, requires C= 60°18 ; H= 4°45 per cent. 


The extreme stability of this glucoside towards acid, and the small 
quantity available, rendered an identification of the sugar impossible. 
A like difficulty was experienced by Schmid in his examination of 
fustin, and that this yielded rhamnose is but a suggestion of his, 
based upon the production of this sugar from quercitrin. 

The above results render it very probable that the yellow cedar 
glucoside is not fustin. In appearance, it was colourless and homo- 
geneous throughout, and if impure it is remarkable that the distinct 
preparations described above should contain exactly the same 
amount of impurity. Certainly the amount of crude substance 
available was small, and when purified as completely as possible by 
crystallisation sufficed only for the experiments noted above, but this 
had all the characteristics of a pure substance. Its decomposition by 
acids into fisetin and rhamnose (?) can be represented thus. 


CH 01 + 2H,0 = 20, ,H, 0, + C,H, ,0,. 


Gallic Acid.—The bicarbonate of sodium solution from which the 
glucoside had been removed with ethylic acetate (page 1196) was 
neutralised with acid, extracted with ether, and the extract evaporated ; 
the crystalline residue, after purification, was obtained in colourless 
needles melting at 239—240° with evolution of gas. An aqueous solu- 
tion gave a blue black coloration with ferric chloride. Further tests 
revealed its identity with gallic acid, this evidently having been pro- 
duced as a result of the decomposition of gallotannic acid existing in 
the plant by the sulphuric acid employed during the isolation of the 
colouring matter. 

Attempts will be made to procure, if possible, the leaves of this tree 
for examination. It has been previously shown that the colouring 
matter contained in the leaves of 2. Cotinus is apparently myricetin, 
C,,1,,0,, whereas that in the stem is known to be fisetin, C,,;H,,0,. 
It would be interesting to see if the R. rhodanthema leaves also have 
4 similar relation to the wood, 
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Dyeing Properties.—These experiments were carried out in the usual 
manner, employing woollen cloth mordanted with aluminium, chromium, 
tin, and iron. The shades given by the yellow cedar are slightly 
weaker and differ considerably from those given by R. Cotinus, although 
both contain the same colouring matter. 

Chromium. Aluminium. Tin. Iron. 
Young fustic Reddish-brown. Orange. Orange-yellow. Brown-olive. 
Yellow cedar Yellowish-brown. Brownish-yellow. Golden yellow. Olive. 

This difference is probably due to varying amounts of a brown 

extractive matter, which is contained in both plants. 


Berberis Ocetnensis. 


A sample of the root of this plant was forwarded to me for chemical 
examination by Mr, Gennadius, the Director of Agriculture in Cyprus, 
in the hope that, flourishing as it does in the island, it might possess 
some commercial value as a dye-stuff. In appearance, the plant closely 
resembles Berberis vulgaris, the root being of a hard, woody nature and 
internally of a distinct yellow colour. 

The finely ground sample was extracted with boiling alcohol, and the 
orange-brown extract treated with lead acetate solution as long as a 
colourless precipitate was formed, this being removed by filtration. 
The concentrated filtrate, when poured into dilute hydrochloric acid, gave 
a sticky, yellow precipitate which increased on standing; this was 
collected, dissolved in water, and after removal of a wax-like product 
by means of ether, the solution was boiled, and treated with one-tenth 
of its volume of hydrochloric acid. On cooling, long, orange-coloured 
needles gradually separated, which, after purification by recrystallisa- 
tion from dilute hydrochloric acid, were converted into the platino- 
chloride, and analysed in the usual manner. 


0°1426 gave 0°2315 CO, and 0°0435 H,O. C=44:27; H=3:39. 
0°3277 gave, on ignition, 0°0595 Pt. Pt=1815. — 
(C,)H,,NO,),H,PtCl, requires C= 44°47 ; H=3-33 ; Pt = 18-02 per cent. 


The substance was evidently berberine platinochloride, its identity 
being corroborated by a comparison with berberine platinochloride pre- 
pared from other sources. By the above method, 100 grams of root 
yielded 0°64 gram of the pure hydrochloride. 

Dyeing Properties.—An aqueous extract of this root dyes wool and 
silk a yellow shade, without the use of a mordant, the tint being some- 
what duller than that given by pure berberine hydrochloride. With 
cotton, mordanted with tannin, a dull yellow is obtained, but ordinary 
mordanted calico was not dyed, indicating that this root contained only 
basic colouring matter, The strength of this dye-stuff was approximately 
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equal to 1 per cent. of berberine hydrochloride. As a colouring 
matter, the use of berberine has been practically discontinued, so that 
the tinctorial properties of this root have but little commercial value. 
Possibly it may be useful as a source of berberine for medicinal - 


purposes. 
Rumezx obtusifolius. 


In a previous communication (Trans., 1895, 67, 1084), it was shown 
that the leaves of Polygonum cuspidatum contain a yellow colouring 
matter, present, however, in such minute quantity that sufficient raw 
material could not be procured for its investigation. It naturally 
suggested itself, however, to test, in this respect, the dyeing property of 
the common dock, a member of the closely allied Rumex family, and it 
was at once evident that the perianths encircling the seeds* of this 
plant contained traces of some yellow colouring matter. 

Two kilos. of this product were extracted with boiling water, and 
the extract on being treated with lead acetate solution gave a dull 
grey precipitate having a faint yellowish tinge. This was collected, 
washed, suspended in boiling water, decomposed with sulphuric acid 
and allowed to settle, the clear brown liquid being decanted from 
the lead sulphate. From this solution, ether extracted a small amount 
of a brown, viscid product which from its dyeing property evidently 
contained the colouring matter ; it was, therefore, suspended in water, 
treated with excess of sodium hydrogen carbonate solution, again ex- 
tracted with ether, and the extract evaporated. On treating the residue 
with water, a brownish-orange precipitate separated, and in order to 
purify it, it was converted into the acetyl compound, the latter, after 
repeated crystallisation from alcohol being obtained in colourless needles 
melting at_ 189—191°. The pure colouring matter regenerated from 
the acetyl derivative, in the usual manner, separated from its hot 
solution in dilute alcohol as glistening, yellow needles. Its dyeing pro- 
perties and general reactions left no doubt as to its identity with 
quercetin. The amount occurring in the material employed was ex- 
ceedingly minute, seeing that from the 2 kilograms but 0°] gram of 
pure colouring matter was isolated. It is possible that, if gathered 
earlier in the season, a larger yield of quercetin might be obtained, 
for this specimen was collected about the middle of September, and 
had been previously subjected to much rain. As is well known, the 
roots of various species of the rumex family contain methylanthra- 
quinone derivatives, for example, chrysophanic acid, emodin, &., and 
the existence of quercetin in the same class of plant is interesting. 

* That the seeds themselves yielded no colouring matter appeared evident, as 


after long boiling with water they still possessed the same hard, impermeable 
appearance as before this treatment. 
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Experiments carried out with the madder plant (Rubia tinctoria) in- 
dicate that the leaves and green stems contain a yellow colouring 
matter in moderate quantity. This I hope shortly to investigate. 


CLOTHWORKERS’ RESEARCH LABORATORY, 
DYEING DEPARTMENT, 
YORKSHIRE COLLEGE. 


CXIV.—Naphthylearbamides. 


By Grorce Youne, Ph.D., and Ernest CLARK. 


a-Naphthylearbamide, C,,H,-NH-CO-NH,,. 


Tus substituted carbamide has been previously described by Schiff 
(Ann., 151, 90), who prepared it by passing the vapour of cyanic acid 
into a solution of a-naphthylamine in dry ether, and by Pagliani (Gazz., 
9, 30), who obtained it by heating naphthylamine hydrochloride with 
carbamide at 150—170°; neither method, however, is convenient, and 
the latter, even under the most favourable conditions, yields principally 
dinaphthylcarbamide. Beilstein, quoting Schiff, states that the action 
of potassium cyanate on naphthylamine sulphate yields nothing but 
ordinary urea. We have found that if an aqueous solution of 
potassium cyanate be slowly added to a solution of a-naphthylamine 
hydrochloride in water,* naphthylearbamide separates as a white, 
flocculent precipitate. When prepared in this manner, the product 
contained small amounts of unchanged naphthylamine, which were 
removed by treating it with cold dilute hydrochloric acid and 
subsequent digestion with benzene. The yield of pure a-naphthy]l- 
carbamide was over 95 per cent. of the theoretical. 


0°1662 gave 04327 CO, and 0°0823 H,O. C=71:00; H=5°50. 
C,,)H,;-NH:CO-NH, requires C= 70°95 ; H =5:37 per cent. 


The solubilities of the substance agreed with those previously des- 
cribed. It was easily soluble in alcohol and ether, slightly soluble in 
benzene and boiling water, almost insoluble in cold water. 

Schiff and Pagliani both state that a-naphthylcarbamide decomposes 
at about 250° without previous fusion. On heating our preparation in 
a capillary tube, we observed that it softened at about 210°, became 
perfectly solid again a few degrees higher, and finally decomposed 
between 270° and 280°. On repeating the experiment, we found that, 

* a-Naphthylamine hydrochloride is said to be very easily soluble in water 
(Watt’s Dict.). As we did not find it so, we determined the solubility and found 
it to be 3°7670 grams in 100 c.c. of water at 20°. 
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if the temperature were raised sufficiently rapidly, complete fusion took 
place at 213—214°, followed by resolidification below 218°. This 
behaviour is explained, as is shown below, by the conversion of 
the mono- into the di-naphthylcarbamide which nielts when pure at 
284—286°. This change takes place rapidly at the melting point of 
mononaphthylearbamide, but also, although more slowly, below that 
temperature, so that if the substance be not too quickly heated the 
greater part of the mononaphthylcarbamide has already undergone 
change before its melting point is reached. A specimen of a-naphthyl- 
carbamide prepared by Pagliani’s method showed exactly the same 


behaviour. 


a-Dinaphthylearbamide, C,,H,*NH*0CO-NH-°C,,H,. 

When a-mononaphthylcarbamide was heated in an oil bath at a tem- 
perature slightly above its melting point, a considerable evolution of 
ammonia took place, and the residue, after being washed with dilute 
caustic soda to remove cyanuric acid, was recrystallised from amylic 
alcohol; it was then obtained in delicate, white needles, which darkened 
slightly on exposure to air. 

0°1481 gave 0°4380 CO, and 0°0673 H,O. C=80°65; H=5-04. 

O,,H,,N,O requires C = 80°76 ; H =5:12 per cent. 
a-Dinaphthylcarbamide is insoluble in water, fairly soluble in boil- 
ing amylic acetate, less so in boiling amylic alcohol, and only very 
sparingly in boiling ethylic alcohol. After repeated recrystallisation 
from amylic acetate, the white needles melted at 284—286°. The 
melting point of a-dinaphthylcarbamide has been previously given as 
270°. 


a-Acetylnaphthylcarbamide, O,,.H,"NH*CO*NH:CO-CH,,. 

This derivative, prepared by the action of acetic chloride on 
a-naphthylearbamide, crystallised from dilute alcohol in stellate 
clusters of delicate, white needles which melted to a clear liquid at 
214—215°. 

0'1464 gave 0°3668 CO, and 0:0722 H,O. C=68°33; H=5-47. 

C,,H,,.N,0, requires C= 68°42 ; H=5-26 per cent. 


a-Acetylnaphthylcarbamide is freely soluble’in hot alcohol and ben- 
zene, moderately so in the cold solvents and almost insoluble in light 


petroleum. 
In preparing this compound, a small amount of a substance melting 


at about 160° was obtained; this was probably a-acetylnaphthyl- 
amine. The amount was not sufficient for analysis. 
VOL. LXXI. 


4M 
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a- Benzoylnaphthylearbamide, C,,H,*NH*CO:NH:-CO-O,H,. 


The brown product, obtained by heating a-naphthylcarbamide with 
benzoic chloride, was well washed with boiling 50 per cent. alcohol 
and recrystallised from boiling absolute alcohol, from which it 
separates in delicate, white needles. It sintered slightly at 237°, and 
melted at 243—243°5°. 


0°1729 gave 0°4717 CO, and 0°0760 H,O. C=74-40; H=4°88. 
C,,H,,N,0, requires C= 74°48; H= 4-82 per cent. 
a-Benzoylnaphthylcarbamide is insoluble in water, and moderately 
soluble in boiling alcohol. 

The alcoholic washings, on cooling, deposited a substance which 
melted at 154°; the figures obtained on analysis showed this to be 
a-benzoylnaphthylamine, the melting point of which is given as 156° 
by Worms (Ber., 1882, 15, 1814). 


0°1562 gave 0:4725 CO, and 0°0747 H,O. C=82:-49; H=5°31. 
C,,H,"NH- CO-O0,H, requires C = 82°59 ; H=5-26 per cent. 


8-Naphthylcarbamide, C,,H,*NH-CO-NH,. 


This substituted carbamide has previously been described by Cosiner 
(Ber., 1881, 14, 62), who prepared it by heating f-naphthylamine 
hydrochloride with urea. We have prepared the 8-naphthylcarbamide 
by adding potassium cyanate to an aqueous solution of 8-naphthyl- 
amine hydrochloride; it then separates as a bulky, white preci- 
pitate, and on recrystallisation from dilute alcohol forms small, white, 
feathery needles. 


0°1927 gave 0°5011 CO, and 0:0953 H,O. C=70'92; H=5-49. 
C,,H,,N,O requires C= 70°95 ; H=5°37 per. cent. 


Our preparation agreed in its solubilities with those described by 
Cosiner, being easily soluble in hot alcohol and water. Cosiner gives 
the melting point of f-naphthylearbamide as 287°, the substance 
having previously softened at about 200°. We observed the behavionr 
on heating to be similar to that of a-naphthylcarbamide ; when 
slowly heated in a capillary tube, it softens and shrinks at slightly 
over 200°, but at some degrees higher resolidification takes place 
accompanied by a considerable increase in volume, and the substance 
finally melts at about 287°. If, however, the temperature of the 
capillary tube be raised sufficiently rapidly, complete fusion of the 
B-naphthylearbamide takes place at 213—215°. The explanation, as 
in the case of the a-naphthylearbantide, is that the conversion of the 
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mono-substituted carbamide into the symmetrical di-substituted deri- 
vative takes place rapidly at a temperature slightly below the melting 
point of the former. 


B-Dinaphthylearbamide, ©,,H,-NH:CO-NH-O,,H,. 
f-Naphthylcarbamide was heated at its melting point in an oil bath 
until the evolution of ammonia ceased, and after washing the product 
with dilute caustic soda and boiling alcohol, it was recrystallised from 
amylic acetate ; it separated as a mass of feathery needles having a 
slight creamy tinge and melting at 289—290°. The melting point 
of B-dinaphthylcarbamide is given by Huhn (Ber., 1886, 19, 2406) as 
293°, and by Ekstrand (Ber., 1887, 20, 1360) as 286°. 
0:1562 gave 0°4618 CO, and 0°0724 H,O. C=8063; H=5-15. 
C,,H,,N,O, requires C = 80°76 ; H=5:12 per cent. 
8-Dinaphthylearbamide is fairly soluble in hot amylic acetate, 
amylic alcohol, and ethylic acetate. It is only slightly soluble in 
other solvents. 


B-Acetylnaphthylcarbamide, C,,H,*NH*CO:NH-CO-CH,. 

This derivative was prepared by the action of acetic chloride on 
B-naphthylearbamide. It is insoluble in cold water, and only very 
slightly soluble in boiling water, but easily in boiling alcohol or benzene. 
It forms microscopic needles melting at 202—202°5°. 


0°1725 gave 0°4321 CO, and 0°0838 H,O. C=68-31; H, 5:39. 
C,,H,.N,0, requires C= 68°42 ; H=5:26 per cent. 

In this preparation, a small quantity of a substance was obtained 
which crystallised from hot water in needles melting at about 130°, 
and which was probably f-acetylnaphthylamine. The quantity was 
too small for analysis. 


B-Benzoylnaphthylearbamide, C,,H.,"NH:CO-NH-CO-C,H,. 


The product obtained by acting on B-naphthylcarbamide with ben- 
zoic chloride was washed with hot 60 per cent. alcohol so long as the 
washings gave a deposit on cooling. This deposit was soluble in benzene 
and alcohol, and melted at 162—163°, and analysis proved it to be 
8-benzoylnaphthylamine. 

0°1856 gave 0°5616 CO, and 0°0887 H,O. C=82:52; H=5°31. 

O,,H,,NO requires C = 82°59 ; H=5-26 per cent. 


The residue, insoluble in warm 60 per cent. alcohol, was recrystal- 
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lised from absolute alcohol. It formed small, white needles melting 
at 219-—220°. On analysis, figures were obtained agreeing with the 
formula C,,H,*NH-CO:NH:CO:C,H,. 
0°1621 gave 0°4415 CO, and 00715 H,O. C=74:28; H=4°90. 
C,,H,,N,0, requires C= 74°48 ; H= 4°82 per cent. 


UNIVERSITY COLLEGE, 
SHEFFIELD. 


OBITUARY NOTICES. 


MarsHatt Hatt, late Captain in the Royal East Middlesex Militia, 
born in London on February 6th, 1831, was the only child of Dr. 
Marshall Hall, the eminent physician and physiologist. He was 
educated at Eton'and at Caius College, Cambridge, and was sub- 
sequently called to the Bar, although he never practised as a barrister. 
In early youth, he showed a strong liking for scientific pursuits, 
especially chemistry and mineralogy, his skill in the use of the 
microscope being of great service to him, especially in his mineralogical 
investigations. This love of science determined the future course of 
his life. He contributed several papers, both to the Geological and 
the Mineralogical Society, and was one of the founders of the latter. 

He was an ardent mountaineer, and made numerous Alpine excursions 
in his early days, whilst later on he devoted much time to the study 
of glaciers ; at the international Geological Congress held in Zurich 
in 1895, he succeeded in getting a committee appointed for a com- 
parative study of the variations of glaciers in all parts of the. globe, 
he himself being nominated the representative of Great Britain and 
the Colonies on the committee. He spent much of his time in Switzer- 
land, residing there with his family from 1878 to 1884, studying the 
interesting geological and glacial problems which in that country 
everywhere present themselves, 

The scientific dredging cruise off the coasts of Spain and Portugal, 
which he made in 1870 in his yacht “Norna,” in company with Mr. 
Edward Fielding and Mr. Savile-Kent, is well known. 

He died suddenly at his residence at Parkstone on April 14th, 1896. 

He was elected a Fellow of the Chemical Society in 1866; he 
was also a Fellow of the Geological Society, a member of the Royal 
Microscopical Society, the Agricultural Society, the Mineralogical 
Society, the Alpine Club and numerous other societies. 


Henry A. Morr died last year at his residence in New York. He 
was born at Staten Island in 1852, and graduated at the School of 
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Mines, Columbia College, in 1873. He was Professor of Chemistry in 
the New York Medical College for women, official chemist to the 
Medico-Legal Society, and well known as an expert in Medical 
Jurisprudence. At one time, he acted professionally for the United 
States Government in examining food products for the Indian Depart- 
ment. 


TETSUKICHI Suimipzu, M.E., one of our Japanese Fellows, died at 
Chicago from phthisis on May 8th, 1896, in his 33rd year, after a year’s 
illness. His father, a saké brewer in Mino (Japan), sent him to Toky6 
in 1873, when he was only 93 years old, to be educated at the High 
School there, founded by Mr. Fukuzawa, the leader in education in Japan 
on European lines. Two years later, he entered the Preparatory 
School for the Imperial College of Engineering, under English teachers, 
matriculated in 1877, and in 1883 took the College degree, Master 
of Engineering, with special distinction, in the subject of Applied 
Chemistry. 

For two years he was one of the Instructors in Chemistry in the 
College of Engineering, and during that time devoted himself to 
original research, contributing to the Chemical Society, in conjunction 
with Dr. Divers, the following papers: ‘On Calcium Hydrosul- 
phides” ; ‘“‘ Magnesium Hydrosulphide Solution and its Use in Chemico- 
Legal cases as a Source of Hydrogen Sulphide” ; “Reactions of 
Selenious Acid with Hydrogen Sulphide, and of Sulphurous Acid with 
Hydrogen Selenide” ; ‘The Specific Action of a Mixture of Sulphuric 
and Nitric Acids on Zinc in the Production of Hydroxylamine” ; 
“On the Constitution and Reactions of Liquid Nitric Peroxide” ; “On 
the Action of Pyrosulphuric Acid on certain Metals” ; and ‘Mercury 
Sulphites and the Constitution of Sulphites.” Jointly with the same 
chemist, he was also author of a note in the Chemical News on the 
“Red Sulphur of Japan.” 

In 1885, he entered the Department of the Japanese Government for 
Agriculture and Commerce, as Chemist, and as Examiner in the Patent 
Office of.that Department ; and during the six and a half years in which 
he filled these offices received various marks of the appreciation in which 
his abilities and services were held. At this time he took an active 
part in the affairs of the Tokyd Chemical Society, and also became 
Secretary of the Japan Society of Engineers, an influential body in 
matters relating to engineering and technology. His geniality and 
activity made him fill this position with exceptional success. 

Early in 1892, he resigned his appointments in the Government 
service in order to join his friend, Mr. J. Takaminé (also one of our 
Fellows), in America, and established there a factory of Japanese 
JSerments, for use in the manufacture of diastase and alcohol more 
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economically than by malting and ordinary yeast fermentation. The 
manufacture, protected by several patents (see J. Soc. Chem. Ind., 14, 
55), has attained comparatively large proportions, and Mr. Shimidzu 
was fully occupied in perfecting the machinery and processes up to 
the time of his last illness. 

It was in December, 1886, that he was elected a Fellow of the 
Chemical Society, a year after he had become a Member of the 
Society of Chemical Industry. 

He was an only child and was unmarried. His father died while he 
was a student. His cheerful, unselfish, and in every way amiable 
disposition endeared him to many. E. D. 


Wiiiam Henry WALENN was born in London, January 7th, 1828, and 
died at his residence, 9, Carleton Road,Tufnell Park, on September 20th, 
1896, after a long and painful illness. He was trained as an engineer 
at the works of Messrs. Cottam, and received part of his education at 
University College, London, where he studied mathematics under 
Professor De Morgan. He was one of the earliest abridgers of specifi- 
cations to the Patent Office, beginning under the then'Comptroller, Mr. 
Woodcroft, for whom he compiled the Series of Abridgments relating 
to “ Electricity and Magnetism,” “ Photography,” and other subjects. 
In 1866, his book, “ Little Experiments for Little Chemists,”’ was pub- 
lished, and in it was given a new process for depositing brass upon zinc. 
In 1871, he contributed a paper to the Philosophical Magazine, “ On 
Solutions for Depositing Copper and Brass by means of Electric Force,” 
and about the same time he conducted some experiments for the 
Government in electro-deposition of copper upon the bottom of an 
iron ship. Between 1868 and 1880, several mathematical papers of his 
on “ Unitates,” and methods of checking calculations by means of 
these, were published in the Phil. Mag. Mr. Walenn was known 
among his friends as a man always ready and willing to aid any in- 
quirer after scientific truth, whether in his favourite study of mathe- 
matics, or in the many branches of physics and chemistry with which 
he was familiar. He became a Fellow of the Chemical Society in 
1866, and of the Institute of Chemistry soon after its establishment. 
He was also a member of the Physical Society. 


THEODORE GEORGE WormLEy, M.D., Ph.D., LL.D., Professor of 
Chemistry and Toxicology in the Medical Department of the Uni- 
versity of Pennsylvania, died at his home in Philadelphia, January 
3rd, 1897, after a comparatively short illness. 
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Dr. Wormley was born in Wormleysburg, Pa., on April Ist, 1826. 
His collegiate education was received at Dickinson College, but he 
left before the completion of his course in order to study medicine at 
the Philadelphia Medical College, from which institution he graduated 
in 1849. In 1852, he was called to the chair of chemistry and natural 
sciences at Capital University, Columbus, Ohio, which he held until 
1865, and was also Professor of Chemistry and Toxicology in Starling 
Medical College from 1854 to 1877. On the resignation of Professor 
Robert E. Rogers in 1877, he was called to the chair of chemistry and 
toxicology in the medical department of the University of Pennsylvania, 
which position he held until his decease. 

During 1867—1875, Dr. Wormley was State Gas Commissioner of 
Ohio, and in 1867—1874 chemist to the Ohio Geological Survey. The 
degree of Ph.D. was conferred on him by Dickinson College, and that 
of LL.D. by Marietta, both in 1870. He was appointed a member of 
the Centennial Medical Commission having in charge the arrangements 
for the International Medical Congress of 1876, to which he was a 
delegate, and he delivered an address before that body on Medical 
Chemistry and Toxicology. In 1862—1864, he edited the Ohio Medical 
and Surgical Jowrnal, and during the years 1859—1863, he published a 
series of papers in the Chemical News on the chemical reactions of 
various toxic alkaloids and other organic and inorganic poisons. He 
was the author of ‘“‘ Methods of Analysis of Coals, Iron Ores, Furnace 
Slags, Fire Clays, Limestones, and of Soils ” (1870) ; contributed reports 
to the Geological Survey of Ohio (1871), and numerous scientific papers 
to various journals, but his most notable work was the “ Microchemistry 
of Poisons” (New York, 1867). 

Dr. Wormley was a member of the American Philosophical Society 
and of other scientific societies. He was elected a Fellow of the 


Chemical Society in 1885. 
¥. B. P. 
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and bromide and of ethylic iodide on 
(DunsTAN and GoULDING), 577; P., 
1897, 76. 

Acetamide, action of sodamide on(TITHER- 

LEY), 467; P., 1897, 46. 

chlor-, action of phenylallylthio- 
carbimide on (Dixon), 632 ; P,, 1897, 
8 


m- and p-Acetamidohydroxydiphenyl- 
triazole (YouNG and ANNABLE), 209, 
212; P., 1896, 246. 

1:2-Acetamidomethoxynaphthalene, its 
behaviour towards SO,Cl,, and _ its 
3’-bromo-derivative (Davis), P., 1896, 
232. 

1’: 2-Acetamidomethoxnaphthalene 
(Davis), P., 1896, 231. 

Acetanilide, chlor- and brom-, action 
of thiourea on (Dixon), 626; P., 
1897, 6. 

Acetic acid, brom-, condensation of 
ethylic salt, with ethylic dimethyl- 
acetoacetate (PERKIN and THORPE), 
1178; P., 1896, 72. 


Acetic acid, brom-, ethylic salt, action 
of ethylic sodioacetoacetate on 
(SPRANKLING), 1165; P., 1897, 
173. 

action of zinc and ethylic oxalyl- 
acetate on (LAWRENCE), 458 ; 
P., 1897, 65. 
chlor-, ethylic salt, action of ethylic 
acetoacetate on (RUHEMANN 
and Hemmy), 329. 
action of aa-phenylmethylthio- 
urea and of o-tolylthiourea on 
(Drxon), 628, 631 ; P., 1897, 8. 
Acetic chloride, chlor-, action of lead 
thiocyanate on (Dixon), 620. 
Acetoacetic acid, ethylic salt, action of 
ethylic chloracetate on (Ruuz- 
MANN and HEmmy), 529. 
condensation of, with ethylic 
a-bromisobutyrate (PERKIN and 
THORPE), 1192; P., 1896, 72. 

Acetoacetic acid, sodio-, ethylic salt, 
actionand rate of action of ethylic 
bromacetate a-bromobutyrate, 
bromopropionate and bromiso- 
valerate {(SPRANKLING), 1160— 
1167; P., 1897, 173, 174. 

action of, on bromodipheny]l- 
methane and bromotriphenyl- 
methane (HENDERSON and 
PARKER), 676 ; P., 1897, 119. 
1; 2- Acetonaphthalide, 3’-bromo- 
(Davis), P., 1896, 232. 
Aceto-a-naphthylcarbamide (YouNnG 
and CLARK), 1201; P., 1897, 199. 


INDEX OF SUBJECTS. 


Acetone, freezing points of dilute aqueous 
solutions of( WILDERMANN), 800; P., 
1897, 139. 

influence of, on the rate of formation 
of carbamide (WALKER and Kay), 
506 ; P., 1897, 76. 
Acetonedicarboxylic acid, reduction of 
(Bo.AM), P., 1896, 184. 
ethylic salt, action of ethylic a-chloro- 
crotonate on (RUHEMANN), 327 ; 
P., 1897, 52, 
condensation of, by means of sodium 
(JERDAN), 1107; P., 1897, 168. 

Acetonylmalic acid, crystallography of 
(RUHEMANN), 324. 

Acetophenone, from hydrolysis of methyl- 
acetophenoxime hydriodide (Dun- 
STAN and GOULDING), 579. 

Acetophenoneoxime, action of methylic 
and ethylic iodides on, and of methylic 
iodide in presence of sodium methoxide 
(DuNSTAN and GOULDING), 580. 

Aceto-p-toluidide, chlor- (Dixon), 629. 


Acetoxime, sodium derivative of (TITHER- 


LEY), 461; P., 1897, 45. 
action of methylic bromide and iodide 
and of ethylic iodide on (DUNSTAN 
and-GouLDING), 577,579; P.,1897,77. 
Acetoxydiphenyltriazole, -nitro- 
(Youne and ANNABLE), 211; P., 1896, 
246. 


3-Acetoxyphenyl-m-tolyltriazole 


(Youne and ANNABLE), 214; P., 
1896, 246. 

Acetylalkylsuccinic acids, alkylic salts, 
action of heat on (SPRANKLING), 
1167 ; P., 1897, 174. 

Acetylallylenedicarboxylic acid, ethylic 
salt, and the action of aniline on it 
(RUHEMANN), 326; P., 1897, 52. 

Acetylapigenin dimethyl ether and 
diethyl ether, preparation of (PERKIN), 
812, 815; P., 1897, 138. 


Acetylazobenzene-cotoin, properties of | 
| Acetylthiocarbimide, brom-, action of 


(PERKIN and Martin), 1150; P., 
1897, 172. 

Acetyleamphoroxime (ForsTER), 1040 ; 
P., 1897, 165. 

Acetylisocinnamenylmandelic acid 
(Japp and LANDER), 138; P., 1896, 
107. 

Acetyldimethylbutyric acid, semicarb- 
azone(W. H. PERKIN, jun.), P., 1896, 
191. 


a-Acetyl-8-diphenylpropionic acid and | 


its ethylic salt (HENDERSON and 
PARKER), 676, 677 ; P., 1897, 119. 
Acetyldiphenyltriazole, p-nitro- (YouNG 
and ANNABLE), 206; P., 1896, 246. 
Acetylene, formation of, from carbon and 
hydrogen BonE and JERDAN), 55; 
P., 1896, 175, 
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Acetylene, action of the electric arc on 
(Bong and JERDAN), 60; P., 1896, 
177. 

behaviour of an aqueous solution of, 
towards bromine (GRAY), 1027 ; P., 
1897, 140. 

explosion of, with insufficient oxygen 
(BonE and Carn), 26; P., 1896, 
176. 

a Bunsen burner for (MunpBy), P., 1897, 
103. 

Acetylene, brom-, behaviour of, towards 
hydrogen bromide (GRAY), 1029; P., 
1897, 140. 

8-Acetylnaphthylcarbamide (Younc and 
CLARK), 1203; P., 1897, 199. 

Acetylosyritrin (PERKIN), 1133. 

Acetyl-p-phenetolazophenol (HEwiITT, 
Moore and Pirr), P., 1897, 159. 

Acetylphloretindisazobenzene (PERKIN 
and MARTIN), 1152. 

Acetylphloroglucinolazobenzene, 
paration of (PERKIN), 190. 

8-Acetyl-a-isopropylpropionic 
(SPRANKLING), 1165. 

Acetyl-8-isopropylsuccinic acid, ethylic 
salt (SPRANKLING), 1163. 

Acetylsuccinic acid, ethylic salt and 

methylic salt (SPRANKLING), 
1162, 1165. 

molecular refraction of, and the 
action of ammonia, aniline, 
phenylhydrazine and of bromine 
on (RUHEMANN and HeEmmy), 
329, 332; P., 1897, 53. 

phenylhydrazone of, and action of 
heat on(RuHEMANN and HEmmy), 
332. 

Acetylsuccinic acid, y-brom-, ethylic 
salt, and the action of heat on (RUHE- 
MANN and Hemmy), 333; P., 1897, 
53. 

Acetyltartranilide, preparation of 
(CoHEN and Harrison), 1060. 


pre 


acid 


_ p-toluidine methylaniline and 
benzylaniline on (Drxon), 629. 

chlor-, and the action of aniline o- 
toluidine, p-toluidine, methylaniline 
and benzylaniline on (Drxon), 620, 
621, 629; P., 1897, 8. 

Acid, C,H,,0, from chlorodiparaconic 
acid, by the action of sodium 
amalgam (MyYERs), 616, 617. 

C,.H,,0,Brz, methylic salt of, ob- 
tained from the condensation pro- 
duct of ethylic acetonedicarboxylate 
(JERDAN), 1112. 

C,,.H,,0,, obtained by the action of 
sodium on ethylic acetonedicarb- 
oxylate, methylic and ethylic salts of 
(JERDAN), 1111; P., 1897, 168, 
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Acid, C,,H,,NO;, from the action of 
hydriodic acid on corydic acid 
(Dopsig and MARSDEN), 663; P., 
1897, 101. 

C,,H,;NO,, from the oxidation of 
corydic acid (DoBBIE and MARs- 
DEN), 663 ; P. 1897, 102. 

Acids, fatty, separation of mixtures of 

(CrossLEY), 580; P., 1897, 21. 

y-Aconine, properties of, and its salts 

(DunsTAN and CARR), 357 ; P., 1895, 

154. 

y-Aconitine, extraction of, from A. ferox 
roots, effect of heat on it, its hydroly- 
sis, its properties, and its salts 
(DunsTAN and Carr), 351, 352, 
356, 358; P., 1895, 154. 

crystallographic character of (PoPE), 
352. 


Aconitum ferox, the alkaloids of (Dun- 
STAN and CaRk), 351; P., 1895, 
154, 


Acridine dyes, oxidation of leuco-com- | 


pounds of (GRBEN), P., 1896, 226. 

Address, Presidential (HARCOURT), 592 ; 
P., 1897, 80. 

Adipic acid, ethylic salt, from interaction 
of ethylic sodiomalonate and ethylenic 
chloride (LEAN and LEEs), 1067; P., 
1897, 161. 

Agarobilla, composition and dyeing pro- 
perties of (PERKIN), 1137; P., 1897, 
170. 

Aluminium, commercial, composition of 
(HARTLEY and RAMAGE), 547; P., 
1897, 47. 

Aluminium alloys with zinc, freezing 
points of (HEycock and NEVILLE), 
389; P., 1897, 61. 

Aluminium salts, spectroscopic analysis 
of (HARTLEY and RAMAGE), 548; P., 
1897, 47. 

Aluminium oxide (alumina), composition 
of (HARTLEY and RAMAGE), 547; P., 
1897, 47. 

Aluminium minerals and ores, composi- 
tion of (HARTLEY and RAMAGE), 
538 ; P., 1897, 12. 

Amides of alkali metals, melting points 
of (TITHERLEY), 470. 

Ammonium iodide, refractive power of, 
when dissolved in ethylic alcohol 
(GLADSTONE and HipsEerr), 827; 
P., 1897, 142. 

hydrosulphide, dissociation pressure 
and heat of dissociation of (WALKER 
and LUMSDEN), 432 ; P., 1897, 48. 
i-Amylic alcohol (isobutylcarbinol), dis- 
covery of (PASTEUR LECcT.), 705. 

Amylic alcohol (sec-butylearbinol, me- 
thylethylearbincarbinol) racemisation 
of (FRANKLAND and PRIcE), 255. 


INDEX OF SUBJECTS. 


Anhydracetonebenzil and the action of 
acetic anhydride on it (Japp and Lan- 
DER), 180; P., 1896, 107. 

Anhydracetonebenzilcarboxylic acid 
(JAPP and LANDER), 140; P., 1896, 107. 

Anhydracetophenonebenzil. See Di- 
benzoylcinnamene. 

a-Anhydrobenzillevulinic acid, its ba- 
rium salt, and the action of hydroxyl- 
amine on (JAPP and MurRAyY), 146; 
P., 1896, 146. 

a- and 8-Anhydrobenzillevulinic acids, 
action of permanganate on (JAPP and 
Murray), 148. 

f-Anhydrobenzillevulolactone (Japp and 
Murray), 148; P., 1896, 146. 

i-Anhydrocamphoronic acid (PERKIN 
and THORPE), 1191; P., 1896, 73. 

Anhydro-oxalaconitic acid, triethylic 
salt (RUHEMANN and HEMMy), 336 ; 
P., 1897, 64. 


| Aniline (phenylamine), freezing points 


solutions of 
1897, 


of dilute 
(WILDERMANN), 
139. 

action of sodamide on (TITHERLEY), 
464; P., 1897, 45. 

oxidation of, by chromic acid (CoLLIk), 
1022. 

Aniline-blue, electrical convection of, in 
solutions (PicToN and LINDER), 571. 

Auisic acid from the hydrolysis of apige- 
nin dimethyl ether (PERKIN), 814; 
P., 1897, 138. 

Anntal General Meeting, 591; P., 
1897, 80. 

Anthrax, inoculation for, and bacillus 
of (PAsTEUR Lect.), 735, 740; P., 
1897, 80. 

Apigenin, preparation, properties, con- 
stitution, derivatives, and decompo- 
sition products ; action of nitric acid 
on (PERKIN), 806, 817; P., 1897, 
54, 138. 

comparative dyeing experiments with 
(PERKIN), 818; P., 1897, 188. 

dimethyl] ether and diethyl ether, pre- 
paration and properties of, and their 
acetyl derivatives (PeRKIN), 815; 
P., 1897, 138. 

Apigenin, dibrom- (PERKIN), 808; P., 
1897, 54. 

Apium petroselium, the glucoside from 
(PERKIN), 805 ; P., 1897, 53. 

Argon, separation of, from the atmo- 
sphere (RAYLEIGH), 184; P., 1897, 
18. 

Arsenic ¢risulphide, electrical convection 
of, insolutions (Picton and LINDER), 
571. 

8-Asparagine, pseudoracemism of (Kip- 
PING and Pore), 1001; P., 1897, 136. 


aqueous 
800; P., 


INDEX OF SUBJECTS. 


i-Aspartic acid, synthesis of (PASTEUR 
Lect. ), 704. 

Association, molecular, and _ rotatory 
power of optically active com- 
pounds (Crompron), 950; P., 
1897, 111. 

dielectric constant, dissociating 
power, and osmotic pressure, con- 
nection of (CROMPTON), 943 ; P., 
1897, 110. 


and heats of neutralisation of acids | 


and bases (CROMPTON), 951; P., 
1897, 111. 

Asymmetric carbon atoms, superposition 
of the optical effects of (FRANKLAND 
and PRIcE), 266; P., 1897, 9. 

Atmospheric air, carbonic anhydride in 
(LEtTs and BLAKE), P., 1896, 192. 


Atomic weight of carbon (Scorr), T., | 


550 ; P., 1897, 70. 


Atropine, auribromide, andhydrobromide | 
gold chloride, the formation and pro- | 


perties of (JowETT), 681. 
Azine dyes, oxidation of leuco-com- 
pounds of (GREEN), P., 1896, 226. 
Azonium dyes, oxidation of leuco- 
compounds of (GREEN), P., 1896, 
226, 


B. 


Balance Sheet of the Chemical Society, 
March 27th, 1897, 600. 
of the Research Fund, March 27th, 
1897, 602. 


Barium, occurrence of, in common 
minerals (HARTLEY and RAMAGE), 
533; P., 1897, 11. 

chloride, refractive powers of solid 

and dissolved (GLADSTONE and 
HIBBERT), 825. 

Beer, researches on (PASTEUR LECT.), 
727; P., 1897, 80. 

Benzaldehyde, formation of (COHEN and 

CALVERT), 1051; P., 1897, 166. 
from camphoroxime benzylic ether 
(ForsTER), 1032; P., 1897, 165. 
action of ammonium cyanide on (SNAPE 
and Brooke), 529; P., 1897, 51. 
action of magnesium nitride on, 
(SNAPE), 527 ; P., 1897, 50. 
condensation of, with phenylazocarb- 
amide (YounG and ANNABLE), 
201; P., 1896, 246. 

Benzaldehyde, o-nitro-, preparation of 
(CoHEN and HArRIson), 1058; P., 
1897, 166. 

estimation of, by phenylhydrazine 
(CoHEN and HarRiIson), 1059. 
m-nitro-, acid obtained in preparation 
of (CoHEN and CALVERT), 1056. 
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Benzaldehyde, m- and p-nitro-, oxidation 
of the condensation product of, 
with phenylsemicarbazide (Youne 
and ANNABLE), 205; P., 1896, 
246. 

p-nitro-, formation of (CoHEN and 
HARRISON), 1058 ; P., 1897, 166. 


| Benzaldehydephenylhydrazone, o- and 


p-nitro- (CoHEN and MHAaArRIson), 
1058. 
Benzamide, action of sodamide on 
(TITHERLEY), 468; P., 1897, 46. 
Benzamide, o0-, m-, and p-bromo-, 2 : 4-, 
2 :6-, and 3: 5-dibromo-, hydrolysis 
of (SuDBOROUGH, JACKSON, and 
LuoypD), 232; P., 1897, 20. 
3:5-dibromo-, and 2:4:6- and 
3:4: 5-tribromo-, preparation and 
properties of (SuDBoROUGH, JACK- 
son and Luioyp), 230; P., 1897, 20. 
2:4: 6-trichloro- (SUDBOROUGH, 
JACKSON and Luoyp), 281; P., 
1897, 21. 
Benzamidohydrindene (REvis and KIp- 
PING), 251; P., 1896, 229. 
Benzene, formation of, from hexa- 
naphthene (Fortry), P., 1897, 162. 
a space formula for (CoLLIE), 1013; 
P., 1897, 143. 
viscosity of mixtures of carbon tetra- 
chloride and (THORPE and RopGER), 
362; P., 1897, 49. 
Benzene, di-substitution derivatives of 
(CoLuIz), 1018. 
tribromo-, from bromacetylene (GRAY), 
1029 ; P., 1897, 140. 
chloro-, nitration of (CoLLIE), 1020; 
P., 1897, 144. 
nitro-, colour and spectrum of vapour 
of (FRISWELL), 1013; P., 1897, 
148. 
freezing and boiling points of, 
specific gravity of solid and liquid 
(FRISWELL), 1011; P., 1897, 148. 
coloration of a solution of, in sul- 
phuric acid by the action of light 
(FRISWELL), P., 1897, 148. 
chlorination of (CoLLIE), 1019; P., 
1897, 144. 
Benzil, preparation of (SuDBORDUGH), 
219; P., 1897, 19. 
Benzo-a-naphthylearbamide (Younc and 
CLARK), 1202; P., 1897, 199. 
Benzonitrile, 2:4:6-tribromo- (Sup- 
BOROUGH, JACKSON, and Luoyp), 
230 ; P., 1897, 21. 
2:4: 6-trichloro- (SuDBOROUGH, JACK- 
son, and LioypD), 231; P., 1897, 
21. 
Benzophenylsemicarbazide, the two 
probable isomerides of (YounG an] 
ANNABLE), 202; P., 1896, 246. 
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Benzoyl, nitro-, probable identity of, 
with a-nitrobenzylic alcohol (phenyl- 
nitrocarbinol) (COHEN and CALVERT), 
1055 ; P., 1897, 166. 


Benzoylacetic acid, ethylic salt, action of | 
on (RUHE- | 
| Berberis Oetnensis, occurrence of berberine 


ethylic a-chlorocrotonate 
MANN), 327; P., 1897, 52. 

Benzoylazotide and its dry distillation 
(SNAPE and Brooke), T., 529; P., 
1897, 51. 

Benzoy1-8-butylenedicarboxylic 
ethylic salt (RUHEMANN), 327; 
1897, 52. 

Benzoylcamphoroxime,(ForsTer), 1041; 
P., 1897, 166. 


acid, 
P., 


| 


INDEX OF SUBJECTS. 


Benzylpropylenetetracarboxylic acid, 
ethylic salt, action of alkalis on 
(Botam), P., 1896, 184, 185. 

Berberine,, occurrence of, in Berberis 
Oetnensis (PERKIN), 1198 ; P., 1897, 
198. 


in (PERKIN), 1198 ; P., 1897, 198. 


Berylliam sulphate, refractive powers of 


| Bismuth, 


8-Benzvylcinnamic acid (desylencacetic | 


reduction (JAPP and 


acid) and its 
1896, 107,109. 


LANDER), 133, 155; P., 
8-Benzoylnaphthylcarbamide 
and CLARK), 1203; P., 1897, 199. 
Benzoyloxydiphenyltriazole, m- and p- 
nitro- (YouNG and ANNABLE) 207, 

211; P., 1896, 246. 

Benzoyloxyphenylstyryltriazole, 
(YouNG and ANNABLE), 216; 
1896, 246. 

3-Benzoyloxyphenyl-m-tolyltriazole 
(Younc and ANNABLE), 214; P., 
1896, 246. 

Benzoyl-o- 
(HEwITT, 
1897, 157. 

8-Benzoyl-8-phenylpropionic acid (desyl- 
acetic acid) (JAvp and LANDER), 
136, 155 ; P., 1896, 107, 109. 

Benzoylsuccinic acid, ethylic salt, and 
the action of ammonia on it (RUHE- 
MANN and Hemmy), 333, 334; P., 
1897, 53. 

Benzylamine, formation of (COHEN and 
CALVERT), 1054; (DELKPINE), A., 
i, 394. 

Benzylglutaconic acid iy 
1896, 185. 

a-Benzylhydroxylamine, from camphor- 
oxime benzylic ether, platinochloride 
(ForsTER), 1039; P., 1897, 165. 

Benzylic «alcohol, action of nitrogen 

— on (CoHEN and CAL- 
VERT), 1052; P., 1897, 166. 

a-nitro- (phenylnitrocarbinol) (Co- 
HEN and CALVERT), 1054; P., 
1897, 166. 

o- and p-nitro-, action of nitrogen 
tetroxide on (COHEN and Har- 
RISON), 1057; P., 1897, 166. 

nitrite, preparation of (CoHEN and 

CALVERT), 1050; P., 1897, 166. 

Benzylideneaminohydrindene (REVIs 
and KippIne), 251 ; P., 1896, 229. 

Benzylidenic nitrosate (COHEN 
CALVERT), 1055; P., 1897, 166. 


P., 


-p-phenetolazophenol 
and Pir), P., 


and 
Moore, 


(BoLaAmM), 


and 


(YOuNG | 
| Blende, composition of (HARTLEY and 


solid and dissolved (GLADSTONE and 

HIBBERT), 824. 

occurrence of, in common 
minerals (HARTLEY and RAMAGE), 
533 ; P., 1897, 11. 

Bismuth alloys with zinc, freezing 
points of (Hrycock and NEVILLE), 
390; P., 1897, 61. 


| Bittern, gold in (LIVERsIDGE), 298 ; P., 


1897, 22. 


RAMAGE), 540; P., 1897, 13. 

Boiling point of normal pentane (YOUNG), 
446 ; P., 1897, 58 

Borneol, behaviour of, towards phos- 
phorus trichloride and bromine (MARSH 
and GARDNER), 286; P., 1896, 187. 

Bromine, action of highly purified, on 
ef (SHENSTONE), 485; P., 
1897, 2 

Butanetetracarboxylic acid, ethylic salt, 
action of sodium a on (LEAN 
and Legs), 1067; P., 1897, 161. 

ooathiaaaatiaameatie acid (adipo- 
carboxylic acid), ethylic salt (LEAN 
and Legs), 1065; P., 1897, 161. 

a0 - Butanetricarboxylic acid, sodio-, 
ethylic salt, action of ethylic iodide on 
(LEAN and 'Lexs), 1065. 

Butyric acid, a-bromo-, action of ethylic 
sodioacetoacetate on (SPRANKLING), 
1160; P., 1897, 173. 

Butyric bromide, a-bromo-, action of 
lead thiocyanate on (Dixon), 635. 

iso-Butyric acid, bromo-, ethylic salt, 
condensation of, with ethylic aceto- 
acetate (PERKIN and THORPE), 1192; 
ae 

Butyrolactonecarboxylic acid (BoLAm), 
P., 1896, 184. 

Butyrylthiocarbimide, -a-bromo-, and the 
action of aniline, and of o-toluidine on 
(Drxon), 685; P., 1897, 9 


C. 


in common 


Cadmium, occurrence of, 
minerals (HARTLEY and RAMAGE), 
533 ; P., 1897, 11. 

Cadmium "alloys with zinc, freezing 
points of (HEyYcock and NeEvILLE), 
387 ; P., 1897, 61. 


INDEX OF 


Cadmium hydroxide, precipitation of 
iodine along with (Rerrie), P., 
1896, 178. 

Cesalpina brevifolia and C. coriaria, 
composition of the fruit of (PERKIN), 
1137 ; P., 1807, 170. 

Cesium, selenate, crystallography and 
physical properties of (TuTTON), 
846; P., 1897, 115. 

Calcium, occurrence of, in common mine- 
rals (HARTLEY and RAMAGE), 583; 
P., 1897, 11. 

i-cis-r-Camphanic acid, comparison of, 
with the active acid (Kipprine and 
Pore), 983 ; P., 1897, 133. 

trans-m-Camphanic acid, crystallographic 
comparison of, with the inactive acid 
(KippiInc and Pope), 973; P., 1897, 
133. 

trans- and cis-w-Camphanic acids, race- 
mic and pseudoracemic (KIPPING and 
Pore), 990. 

Camphene, behaviour of, towards phos- 
phorus trichloride and bromine 
(MarsH and GARDNER), 287; P., 
1896, 187. 

derivatives, crystallography of (MIERS 
and Bowman), 293. 

dichloride, from camphor (MARsH and 
GARDNER), 288; P., 1897, 187. 

Camphene, ¢ribromo-, and its a- and A- 
tribromides (MARsH and GARDNER), 
285—287 ; P., 1896, 187. 


chloro-, and its a- and B-hydrochiorides | 


288, 


(MARsH and GARDNER), 
289; P., 1896, 187. 
and its behaviour toward 

centrated sulphuric acid (MARSH 

and GARDNER), P., 1897, 

137. 
Camphenylnitramine, 
oxime (FORSTER), 
21. 


from 
197 ; 


camphor- 
P 
? 


Camphoic acid, from the oxidation of | 


ketopinic acid (GILLES and RENWICK), 
P., 1897, 158. 


Campholenonitrile, from the ethers of | 


camphoroxime (ForsTER), 1031. 
cis-Camphopyric acid, from oxidation of 


fenchene (GARDNER and CocKBURN), | 
| Camphorsulphonic acid, a-bromo-, oxida- 


P., 1897, 187. 
Camphor, optical inversion of (KIPPING 
and Pore), 956; P., 1897, 132. 


behaviour of, towards phosphorus tri- | 
chloride and bromine, and towards | 


phosphorus pentachloride (MARSH 
and GARDNER), 285, 288; P., 
1896, 187. 


Camphor, a-bromo-, behaviour of, towards | 


phosphorus trichloride and bromine 
(MarsH and GARDNER), 286; P., 
1896, 187. 


con- | 


1897, 


| trans-Camphotricarboxylic 
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SUBJECTS. 


Camphor, inactive m-bromo-, and 7- 
chloro-, melting points and race- 
mism of (Krpprne and Pope), 996. 

aa-chlorobromo-, stereoisomeric forms 
(Lowry), P., 1897, 159. 

nitro-, birotation of (Lowry), P., 1897, 
160. 

nitrobromo-, reduction of (Lowry), 
P., 1897, 160. 

Camphoric acid, constitution of (W. H. 

PERKIN, jun.), P., 1896, 191. 

Camphoric acid, i-x-bromo-, crystalline 
form of anhydride (Kipprnc and 
Pore), 969; P., 1897, 133. 

m-chloro- and its anhydride (LAp- 
worTH and Krppine), 15; P., 1896, 
216. 

i-m-chloro- and its anhydride (K1PpPinG 
and Pops), 967; P., 1897, 133. 

Camphoric anydride, w-bromo-, race- 

mism of (Kippinec and Pope), 999. 
active and inactive m-bromo-, melting 
points of (Kippinc and Pope), 996. 
Camphorimine, from camphoroxime 
benzyl ether (ForsrER), 1032; P., 
1897, 165. 
i-Camphoronanilic acid (PERKIN and 
THORPE), 1192. 

Camphoronic acid, behaviour of, at high 
temperatures (W. H. PERKIN, jun.), 
P., 1896, 192. 

synthesis of (W. H. PERKIN, jun., 
and THorPE), P., 1897, 73. 
i-Camphoronic acid, synthesis of, and its 
anilic acid (PERKIN and THORPE), 
1169, 1192; P., 1896, 72. 

Camphoroxime, behaviour of, towards 

bromine (ForsTER), 1045. 

behaviour of, towards methylic iodide, 
nitric acid, nitric peroxide, and 
potassium permanganate (FoRSTER), 
191; P., 1897, 21. 

hydrobromide, platinochloride,methy], 
ethyl, benzyl ethers, acetyl and 
benzoyl derivatives(ForsTER), 1030, 
P., 1897, 165. 

i-Camphoroxime (Forster), 1048; P., 
1897, 166. 


Camphorsulpholactone, a-bromo- (REVIS 


and KrppinG), P., 1896, 247. 


tion of ammonium salt (LAPWORTH 
and Kippine), 7; P., 1896, 215. 

chlorides and bromides, active and 
inactive, melting points and psuedo- 
racemism of (K1pprncand Pore),996. 

acid and 
anhydride, racemic and pseudoracemic 
KIppiInG and Popr), 990. 

i-trans-Camphotricarboxylic anhydride, 
crystalline form (KippinG and Pope), 
985; P., 1897, 133, 
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trans-Camphotricarboxylic anhydride, 
melting point and racemism of 
(Krppine and Porg), 996. 
a-Camphylic acid, chloride, anilids, 
ethylic salt, dibromide, dihydro- 
bromide, and bromo-derivative of 
(W. H. PERKIn, jun.), P., 1896, 189, 
190. 
8-Camphylic acid, and its dibromide, 
hydrobromide, bromo-, and iso-bromo- 
derivatives (W. H. PERKIN, jun.), 
P., 1896, 190. 
iso-B-Camphylic acid, and its chloride, 
anilide and ethylic salt (W. H. 
PERKIN, jun.), P., 1896, 190. 
Carbamide, (wrea) velocity of formation 
of, from ammonium cyanate dissolved 
in aqueous alcohol (WALKER and 
Kay), 489; P., 1897, 75. 
influence of glycerol, cane-sugar, glycol, 
methylic alcohol, and acetone on the 
rate of formation of (WALKER and 
Kay), 506; P., 1897, 76. 
freezing points of dilute aqueous solu- 
tions of (WILDERMANN), 802; P., 
1897, 139. 
freezing points of solutions of mixtures 
of resorcinol, cane-sugar, dextrose, 
and alcohol with (WILDERMANN), 
750; P., 1897, 119. 
Carbimidoglycolide, thio- (Dioxythi- 
azole) (Dixon), 632; P., 1897, 8. 
Carbon, preparation of pure (BonE and 
JERDAN), 45; P., 1896, 61. 
atomic weight of (Scorr), 55C; P., 
1897, 70. 
direct union of, with hydrogen (BoNE 
and JERDAN), 41; P., 1896, 175. 
Carbon tetrachloride, viscosity of mix- 
tures of benzene and (THORPE and 
RopGER), 362; P., 1897, 49. 

Carbon monoxide (carbonic owide) and 
hydrogen, mutual action of, at high 
temperatures (BoNE and JERDAN), 
52 


explosion of mixtures of chlorine 
peroxide and (Dixon and RussEL), 

605 ; P., 1897, 99. 
Carbon dioxide (carbonic anhydride), 


estimation of, by PETTENKOFER’S 
method (Lerrs and BLAKE), 1896, 
P., 192. 

Carboa disulphide, viscosity of mixtures 
of methylic iodide and (THORPE 
and RopeGer), 367 ; P., 1897, 50. 

Oarbotetrinic acid, ethylic salt (RUHE- 
MANN and HEmMmy), 333; P., 1897, 
53. 

Carnallite, gold in (LIVERSIDGE), 299. 

Carvone tribromide, pseudoracemism of 
(Kippine and Pope), 1000; P., 
1897, 136. 


INDEX OF 
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Carvoxime, density of the active and 
inactive forms of (KIPPING and PoPs), 
999; P., 1897, 136. 

Catechu, colouring matters of, from dif- 
ferent sources (PERKIN), 1135. 

Celluloses, hydrolysis of pure, and fer- 
mentation of the hydrolytic products 
(Cross, BEVAN, and SMITH), 1005; 
P., 1897, 150. 

Change, chemical and physical, identity 
of different kinds of (HARcoURT), 595. 

Chloral hydrate, deliquescence of crystals 
of (Pore), P., 1896, 249. 

Chlorine, pure, preparation of, by the 
electrolysis of silver chloride (SHEN- 
STONE), 479 ; P., 1897, 2. 

action of sunlight and of the silent 
electric discharge on highly purified 
(SHENSTONE), 486, 487 ; P., 1897, 2. 

action of highly purified, on mercury 
(SHENSTONE), 485; P., 1897, 2. 

Hydrochloric acid (hydrogen chloride), 
refractive power of, when dissolved 
in methylic , ethylic, amylic, and 
octylic alcohol, ethylic and amylic 
ether (GLADSTONE and HIBBERT), 
827; P., 1897, 142. 

Chlorine peroxide, explosion of mixtures 
of carbonic anhydride ant (Drxon 
and RussEx), 605; P., 1897, 99. 

Chloroform, viscosity of mixtures of 
ethylic ether with (THoRPE and 
RopgER), 370; P., 1897, 50. 

action of magnesium nitride on 
(SNAPE), 527 ; P., 1897, 50. 

Chromium occurrence of, in common 
minerals (HARTLEY and RAMAGE), 
533 ; P., 1897, 11. 

double sulphate of zine and (Scott), 
568 ; P., 1897, 71. 

Chrysin monomethylic ether, dyeing 
property of( PERKIN and MARTIN), 822. 

Cinnamaldehyde, oxidation of the con- 
densation product of, with phenyl- 
semicarbazide (YoUNG and ANNABLE), 
215; P., 1896, 246. 

iso-Cinnamenylmandelic acid, and its 
acetyl derivative (JArpPp and LANDER), 
135, 138; P., 1896, 107. 

Citrazinic acid (2 : 6-dihydroxypyridinc- 
3-carboxylic actd), action of phosphorus 
pentachloride and phosphorus oxy- 
chloride on (SELL and Doorson), 
1068 ; P., 1897, 167. 

Citric acid, refractive powers of solid 
and dissolved (GLADSTONE and 
HIBBERT), 824. 

ethylic salt, synthesis of (LAWRENCE), 
458; P., 1897, 65. 

Cobalt, occurrence of, in common mine- 
rals (HARTLEY and RAMAGE), 533; 
P., 1897, 11. 
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Cobalt, action of hydrogen peroxide on 
solutions containing (DURRANT), P., 
1896, 244. 

Cobalt dioxide (McCoNNELLand HANEs), 

586; P., 1897, 62. 
double sulphate of copper, nickel, and 
(Scott), 567; P., 1897, 71. 
Cobaltic salts (DURRANT), P., 1896, 
244. 

Cobalt ores and minerals, composition of 
(HARTLEY and RAMAGE), 541; P., 
1897, 13. 

Colloids, dissolved, electrical convection 
of (PicTon and LINDER), 568. 

Colour, relation of o- and p-quinonoid 
structure to (GREEN), P., 1896, 226. 
Colouring matters, o- and p-quinonoid 
structure in (GREEN), P., 1896, 226. 
relationship of vegetable, to accom- 
panying tannins (PERKIN), 1137. 

Colpoon compressum, (Osyris compressa, 
Fusanus compressus, Thesiwm Colpoon), 
leaves of,used as a substitute for sumach 
(PERKIN), 1132. 

Copper, occurrence of, in common mine- 
rals (HARTLEY and RAMAGE), 533; 
P., 2007, 11. 

Copper alloys with ziuc, freezing points 
of (Hrycock and NEVILLE), 419; 
P., 1897, 61. 

Cupric chloride, refractive power of, 
when dissolved in ethylic alcohol 
(GLADSTONE and HIBBERT), 827 ; 
P., 1897, 142. 

sulphate, refractive powers of solid 
and dissolved (GLADSTONE and 
HIBBERT), 825. 

double sulphates of iron, nickel, zinc, 
magnesium, manganese, cobalt, and 
(Scorr), 565; P., 1897, 71. 


Cyanamide, 


Corydaline, action of nitric acid on | 


(DoBBIE and MARSDEN), 657, 658 ; 
P., 1897, 101. 


nitrate, properties of (DoBBIE and | 


MARSDEN), 657 ; P., 1897, 101. 


Corydaline, optically inactive (Dossie | 


and MArsDEN), T., 660. 
Corydic acid, properties of, salts of, 


and its behaviour with hydriodic acid | 


(DopBiE and MARSDEN), 662; P., 


1897, 101. 


Cotoin, constitution of, and its acetyl 
derivatives (PERKIN and MArrTin), | 


114S, 1152 ; P., 1897, 172. 
Cotoinazobenzene, and its acetyl deriva- 


tive (PERKIN and Martin), 1150; | 


P., 1897, 172. 
Cotoinazo-o- and-p-toluene (PERKIN and 
MARTIN), 1150; P., 1897, 172. 
Critical pressure and critical volume, 
of normal pentane (Youne), 448; 
P., 1897, 58. 
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Critical temperature, behaviour of sub- 
stances near the (YouNG), 453; 
P., 1897, 58. 

of normal pentane (Youne), 448; P., 
1897, 58. 

Crotonic acid, a-chloro-, ethylic salt, 
action of ethylic benzoylacetate and 
of ethylic acetonedicarboxylate on 
(RUHEMANN), 3824, 327; P., 1897, 
52. 

Crystalline and dissolved salts, refractive 
powersof (GLADSTONE and HIBBERT), 
823; P., 1897, 141. 

structure of externally compensated 
and optically active forms of a sub- 
stance (KippING and Pope), 992; 
P., 1897, 135. 

Crystallographic characteristics of 
pseudoracemic substances (KIPPING 
and Pore), 994; P., 1897, 136. 

Crystallography of cesium, potassium, 
and rubidium selenates (Turron), 
852, 857, 859; P., 1897, 115. 

of hydrated mercurous nitrite (HoL- 
LAND), 346; P., 1896, 218. 

Enantiomorphism (Pore and 
Kippina), P., 1896, 249. 

Optical axes of cesium, potassium, and 
rubidium selenates (TuTTON), 874, 
881, 887; P., 1897, 116. 

Selective deliquescence in chloral 
hydrate (Pops), P., 1896, 249. 
W-Cumene (1:3: 4-trimethylbenzene), oxi- 

dation of (BENTLEY and PERKIN), 

161; P., 1896, 79. 

sodium derivative 
(TITHERLEY), 460; P., 1897, 45. 

Cyanogen :— 

Perthiocyanic acid, its hydrolysis 
with water or strong sulphuric 
acid, and its oxidation (CHATTA- 
wAy and SrTeEvens, 607, 611, 
612, 613; P., 1897, 88. 

reduction of (CHATTAWAY and 
SrEVENs), 834; P., 1897, 150. 

Cyanomaclurin, diazobenzene deriva- 

tive of (PERKIN), 187; P., 1897, 5. 


of 


D. 


Dehydrocorydaline and its salts (DoBBIE 
and MARSDEN), 658 ; P., 1897, 101. 
reduction of (DoBBIE and MARSDEN), 
660. 
Deliquescence of salts in 
(HAKE), P., 1897, 147. 
selective, of crystals of chloral hy- 
drate (Pore), P., 1896, 249. 


moist 


air 


| Density, heat of fusion, and melting 


point, connection between (CRomP- 
TON), 929; P., 1897, 110. 
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Density of amylic glycerates, diacetyl- 
and dibenzoyl-glycerates (FRANK- 
LAND and PRICE), 268. 

of mixtures of liquids (THoRPE and 
Ropcer), 360; P., 1897, 49. 

of normal pentane, liquid, and gaseous 
(Youne), 449 ; P., 1897, 58. 

of potassium, rubidium, and cesium 
selenates (TuTTON), 868 ; P., 1897, 
116. 

of mixtures of <sopropylic alcohol 
with water (THORPE), 924; P., 
1897, 150. 

of racemic and pseudoracemic sub- 
stances (Kippinc and Pope), 999; 
P., 1897, 136. 

of deliquescent salts, determination of 
the (Turron), 865. 

Deoxybenzoin (phenyl benzyl ketone), 
from desyleneactic acid and alco- 
holic potash (JApp and LANDER), 
157. 

preparation of, and action of phos- 
phorus pentachloride on (Sup- 
BOROUGH), 218, 219; P., 1897, 20. 

Desylacetic acid. See f§-Benzoyl-f- 
phenylpropionic acid. 

Desyleneacetic acid. 
cinnamic acid. 

Dextrose (d-glucose, grape-sugar), heat 
of transformation of the a- into 
the B- variety (BROWN and PICKER- 
ING), 757 ; P., 1897, 129, 130. 

heat of dissolution of (BRowN and 
PICKERING), 769. 

freezing points of dilute aqueous solu- 
tions of (WILDERMANN), 800, 803; 
P., 1897, 139. 

freezing points of solutions of mixtures 
of carbamide and (WILDERMANN), 
751; P., 1897, 119. 

anhydrous, solution-density of 
(Brown, Morris, and MILLAR), 78, 
276; P., 1896, 242, 1897, 14. 

anhydrous, cupric-reducing power of 
(Brown, Morris, and MILLAR), 
279, 284; P., 1897, 4. 

Diacetanilide, preparation: of (YouNG), 
P. 1897, 156. 

Diacetyl-m-aminohydroxydiphenyltri- 
azole and Diacetyl-p-aminohydroxy- 
diphenyltriazole (YounG and ANN- 
ABLE), 208, 212; P., 1896, 246. 

d- and i-Diacetylglyceric acids, 7- and 
i-amylic salts, rotatory power of 
(FRANKLAND and PRICE), 257, 262, 
265; P., 1897, 9. 

Diacetyltartaric anhydride, action of 
aniline on (COHEN and HARRISON), 
1060 ; P., 1897, 167. 

Diazobenzene, action of, on natural 

colouring matters (PERKIN), 187. 


See 8-Benzoyl- 
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Dibenzamide, production of, from di- 
benzoylecinnamenimide (JAPP and 
TINGLE), 1145; P., 1897, 170. 

aB-Dibenzoylcinnamene (anhydraceto- 
phenonebenzil, benzoylstyrene), modifi- 
cation of the formula of (JAPP and 
TINGLE), 1138 ; P., 1897, 170. 

Dibenzoylcinnamenimide, reduction of ; 
oxidation of ; conversion of, into di- 
benzamide (JApp and TINGLE), 1145; 
P., 1897, 170. 

d- and i-Dibenzoylglyceric acids, 7- and 
j-amylic salts, rotatory power of 
(FRANKLAND and PRICE), 258, 262, 
266 ; oe 1897, 9. 

Dibenzoylstyrene. 
cinnamene. 

Dicamphylic acid (W. H. Perkin, jun.), 
P., 1896, 189. 

Dicarboxyglutaconic acid (methenylbis- 
malonic acid, propylenetetra-carboxrylic 
acid), ethylic salt action of alkalis and 
of acids on (BoLAM), P., 1896, 184. 

Dicyanodiamide, from perthiocyanic 
acid (CHATTAWAY and STEVENS), 
613. 

Diethylammonium chloride, electrolytic 
conductivity of (WALKER and Ham- 
YBL), 61; P., 1896,246. 

Diethylaniline, pentabromo- (EvANs), 
P., 1896, 235. 

as-Diethylcarbamide, rate of formation 
of (WALKER and Kay), 506. 

Dihydro-a-camphylic acid (W. H. Prr- 
KIN, jun.), P., 1896, 190. 

2: 4-Dihydroxydiphenylacetic 
(HEwIttT and Pope), 1086. 

a8-Dihydroxy-a8-diphenylglutaric acid 
ad and LANDER), 133; P., 1896, 
107. 

Dihydroxymaleic acid, action of heat on 
aqueous solutions of (FENTON), 375 ; 
P., 1897, 63. 

4 :6-Dihydroxy-2-methylpyridine, 5- 
amino- and 5-nitro- (LAPWORTH and 
Coie), 840, 842; P., 1897, 146. 

Dimethylacetoacetic acid, ethylic salt, 
condensation of, with ethylic brom- 
acetate (PERKIN and THORPE), 1178 ; 
P., 1896, 72. 

Dimethylammonium hydrosulphide, dis- 
sociation, pressure, and heat of dis- 
sociation of (WALKER and LUMSDEN), 
433 ; P., 1897, 48. 

Dimethylaniline, ¢e¢rabromo- (Evans), 
P., 1896, 235. 

Dimethylaniline-o-sulphonic 
(Evans), P., 1896, 234. 

aa-Dimethylglutaric acid (pentanedicarb- 
oxylic acid) from B-camphylic acid 
(W. H. Perkin, jun.), P., 1896, 
191. 


See Dibenzoyl- 


lactone 


acid 
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1:3-Dimethylceyclohexane (dimethylhexa- | 


methylene), bromide of (KippinG and 

EDWARDS), P., 1896, 189. 

; 2-Dimethylcyclohexane-4-carboxylic 

acid (hexahydro-p-xylic acid) and its 

chloride anilide, ethylic salt, 
bromo- and dibromo-derivatives 

(BENTLEY and PERKIN), 161, 169, 

170, 171 ; P., 1896, 79. 

: 8-Dimethylcyc/ohexane-4-carboxylic 

acid (hexahydroxylic acid) and its 

anilide and ethylic salt; bromo-deriva- 
tive, and its ethylic salt (BENTLEY 

and PERKIN), 178; P., 1896, 79. 

: $-Dimethylcyclohexanone-2 (dimethyl- 
ketohexamethylene) (KIPPING and 
EpwaArps), P., 1896, 188. 

oxime and semicarbazone (KIPPING), 
P., 1896, 248. 

; 2-Dimethylcyclohexene-4-carboxylic 

acid (tetrahydro-p-xylic acid) and its 

ethylic salt (BENTLEY and PERKIN), 

157, 172 ; P., 1896, 79. 

Dimethylketohexamethylene. See 
Dimethyleyclohexanone. 

Dimethylpimelic acid (heptanedicarb- 
oxylic acid), formation of (KIPPING 
and Epwarps), P., 1896, 188. 

2: 4-Dimethylpyridine(/utidine), chloro-, 
oxidation of (Aston and CoLLIE), 
653; P., 1897, 89. 

a-chloro- (COLLIE), 309; P., 1897, 43. 

2: 4-Dimethylpyridine-3-carboxylic 
acid, metallic and ethylic salts of 
(CoLLIE), 306; P., 1897, 43. 

as-Dimethylsuccinic acid (isobutanedicar- 
boxylic acid), from sulphocamphylic 
and 8-camphylic acids (W. H. PErR- 

KIN, jun.), P., 1896, 189. 

Dimethyl-o-toluidine, tetrabromo- 
(Evans), P., 1896, 235. 

1: 2: 5-Dimethyl-o-toluidine-m-sulpho- 
nic acid, action of bromine on (EVANS), 
P., 1896, 235. 

a- and 8-Dinaphthylearbamides (Youne 
and CLARK), 1201, 1203; P., 1897, 199. 

m-Dioxyphenylcoumarin, acetyl deriva- 
tive of the methylic ether of (PERKIN 

and MARTIN), 1149. 

Diparaconic acid, chloro-, and the action 
of sodium amalgam on (MYERs), 614, 
616; P., 1897, 100. 

Dipentene, tetvabromide, densities of 


active and inactive forms of (K1p- 


PING and Pops), 999. 
hydrochloride nitrolanilide, pseudo- 
racemism of (KipprING-and Pope), 
1000 ; P., 1897, 136. 
8-Diphenanthrylamine (JAPP 
FINDLAY), 1124; P., 1897, 169. 
Diphenylamine, action of sodamide on | 
(TITHERLEY), 465; P., 1897, 45. 
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and 


| Diphenylcarbamide, 
and | 


| 2’: 3’-Diphenyleneindole 
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By-Diphenylbutyric acid (Japp and 
LANDER), 156. 

By-Diphenyl-y-butryolactone (Japp and 
LANDER), 156; P. 1896, 109 

from aniline and 

ethylic acetosuccinate (RUHEMANN 


and Hemmy), 331. 


| Diphenylerotolactone (Japp and Lan- 


DER), 136, 156; P., 1896, 107. 

(JAPP 
FINDLAY), 1124; P., 1897, 170. 

8-Diphenylethane (dibenzyl), chloro- 
dinitro- (SupBoRoUGH), 223; P., 
1897, 20. 

Diphenylfumaric acid (Japp and 
LANDER), 142; (Japp and Murray), 
152. 

Diphenylmaleic acid(Japrand LANDER), 
132, 142; P., 1896, 107. 

Diphenylmaleic anhydride (Japp and 
Murray), 152. 

Diphenylmethane, bromo-, action of 
ethylic sodio-acetoacetate on (HEN- 
DERSON and PARKER), 676, 677; 
P., 1897, 119. 

8-Diphenylmethyl ethyl ketone, and its 
oxime and semicarbazone (HENDERSON 
and PARKER), 677, 678 ; P., 1897,120. 

1; 2: 3-Diphenylmethylcyclopentane 
(JAPP and MurRRAY), 153. 

1; 2-Diphenlcyclvupentane (diphenyl- 
pentamethylene) (JAPpP and LANDER), 
131; P., 1896, 107. 

Diphenyleyclopentanone (JAPP and 
LANDER), 131, 141; P., 1896, 107. 

Diphenylcycl/opentenonethyloic acid, and 
its silver salt and oxime (JAPP and 
Murray), 151; P., 1896, 146. 


and 


| 8-Diphenylpropionic acid (HENDERSON 


and PARKER), 677 
Disazobenzeneapigenin, the properties 
of (PERKIN), 808; P., 1897, 54. 
Dissociation and decomposition (Har- 
couRT), 597. 
Distillation, apparatus for automatic 
steam (MATTHEWS), 318 ; P., 1897, 
18. 
fractional, of volatile liquids, appar- 
atus for (Youne and THOMAs), 
440; P., 1897, 58. 
n-Di-m-tolylpiperazine (FRANCIs), 426, 
427. 


Dividivi, composition and dyeing pro- 
pertics of(PERKIN), 1137; P., 1897,170. 


E. 


ELECTROCHEMISTRY :— 

Conductivity of solutions, connection 
of freezing point and (CROMPTON), 
942; P., 1897, 110. 

40 
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ELECTROCHEMISTRY :— 

Conductivity of aqueous and alcoholic 
solutions of diethylammonium 
chloride (WALKER and HAMBLY), 
61; P., 1896, 246. 

Dielectric constant, dissociating power, 
and molecular association (CROMP- 
TON), 943; P., 1897, 110. 

Electric discharge, silent, action of 
the, on pure chlorine (SHEN- 
STONE), 486 ; P., 1897, 2. 

Electrical convection of dissolved col- 
loids (Picton and LINDER), 568. 

Electrical furnace for heating glass 
apparatus (SHENSTONE), 478; P., 


as 

Electroysis, of water exposed to the 
atmosphere (RAYLEIGH), 181; P., 
1897, 17. 

Electrolytic dissociation (CROMPTON), 

941; P., 1897, 110. 

and optical activity (CROMPTON), 
946; P., 1897, 111. 

and heats of neutralisation of acids 
and bases (CROMPTON), 951; P., 
1897, 111. 

Elements, connection between the heats 
of fusion, densities, and melting 
points of the (CROMPTON), 932; P., 
1897, 110. 

Ellagic acid, occurrence of, in various 
tanning materials, and dyeing pro- 
perties of (PERKIN), 1137; P., 1897, 
170. 


Ellagitannic acid, occurrence of, in 
various tanning materials (PERKIN), 
1137. 

Enantiomorphism (Pore and KIpPINe), 

P., 1896, 249. 
of optically active crystals (PoPE and 
Kiprina), P., 1896, 249. 


Epsomite, spectroscopic analysis of 
(HarTLEY and RaAmAGE), 550; P., 
1897, 47. 

Ethane, hexachlor-, action of magnesium 
nitride on (SNAPE), 527; P., 1897, 
50. 

8-Ethoxy-1 : 5-diphenyltriazole, 7-nitro- 
and p-nitro- (YouUNG and ANNABLE), 
210; P., 1896, 246. 

2-Ethoxynaphthalene, crystallography 

of derivatives of (DAvis), P., 1896, 
238. 
dibrom-, tribrom-, 3’ :1-bromamino-, 
3’: 1-bromonitro- (DAVIS), P., 1896, 
232. 
3-Ethoxy-1-pheny]-5-styryltriazole 
(Youne and ANNABLE), 216; 
1896, 246. 
3-Ethoxy-1-pheny]-5-m-tolyltriazole 
(Youna and ANNABLE), 214; 
1896, 246. 


P.. 
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8-Ethoxy-1-phenyltriazole (Younes): 
314; P., 1897, 53. 

8-Ethoxy-1-phenyltriazole-5-carboxylic 
acid, ethylic salt of, and amide 
(Youne), 312; P., 1897, 53. 

Ethylacetoxime, periodide of, and hydro- 
lysis of (DUNSTAN and GoULDING), 
579. 

a-Ethyl-8-acetylpropionic acid (SPRANK- 
LING), 1161. 

B-Ethylacetylsuccinic acid, ethylic salt 
(SPRANKLING), 1160; P., 1897, 178. 

a-Ethyladipic acid (hexanedicarboxylic 
acid) (LEAN and LEgs), 1067; P., 
1897, 161. 

Ethylamine, action of potassium on 
(TITHFRLEY), 463 ; P., 1897, 45. 

Ethylammonium hydrosulphide, dis- 
sociation, pressure, and heat of dis- 
sociation of (WALKER and LuMSDEN), 
433; P., 1897, 48. 

a-Ethylbutane-aaa,-tricarboxylic acid 
(hecanetricarboxylic acid) and its 
ethylic salt (LEAN and Legs), 1065, 
1066 ; P., 1897, 161. 

Ethyldeoxybenzoin, action of phosphorus 
pentachloride on (SuDBoROVGR), 218 ; 
P., 1897, 20. 

Ethyldibenzoin, a correction (JAP?), 
297 ; P., 1897, 48. 

Ethylene, dibrom- (symmetrical) from 
acetyleneand bromacetylene (GRAY), 
1027 ; P., 1897, 140. 

a-dibrom-, from vinylic tribromide 
(Gray), 1025; P., 1897, 140. 
Ethyleneaniline, y-dinitroso-, and its 
hydrochloride (FRANcIS), 423; P., 
1897, 63. 
Ethylenedibenzylidenediphenylene- 
p-tetramine and its hydrochloride 
(FRANCIS), 424. 
Ethylenedibenzylidenedi-o-tolylene- 
p-tetramine and its hydrochloride 
(FRANCIS), 426. 
Ethylenediphenylene-y-tetramine and 
its hydrochloride (FRANcts), 428 ; P., 
1897, 63. 
Ethylenedisalicylidenediphenylene- 
p-tetramine and its hydrochloride 
(FRANUIS), 424, 
Ethylenedi-o-tolylene-y-tetramine and 
its hydrochloride (FRANctIs), 425 ; P., 
1897, 64. 
Ethylenedi-m-tolylene-y-tetramine 
(FRANCIS), 427; P., 1897, 64. 
Ethylene-o-toluidine, its dinitrosamine 
and p-dinitroso-derivative (FRANCIS), 
425; P., 1897, 64. 
Ethylene-m-toluidine, preparation of, 
and its hydrochloride and dinitros- 
amine (FRANCIS), 426, 427; P., 
1897, 64. 
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Ethylene-p-toluidine dinitrosamine 
(FRANCIS), 428; P., 1897, 64. 

Ethylenic glycol, influence of, on the 
rate of formation of carbamide 
(WALKER and Kay), 506; P. 1897, 
76. 


Ethylic alcohol, freezing points of solu- | 
tions of mixtures of carbamide with | 


(WILDERMANN), 752; P., 1897, 


119. 


influence of, on the rate of formation | 
| Formaldehyde, formation of (CoHEN and 


of carbamide (WALKER and Kay), 
506 ; P., 1897, 76. 

Ethylic ether, viscosity of mixtures of 
chloroform with (THORPE and 
RopGER), 370; P., 1897, 50. 

Ethylic iodide, 
nitrite on (RAy), P., 1896, 218. 


Ethylidenesuccinamide, amino-, and 


action of potash on (RUHEMANN and | 


HEmMmMy), 331. 
Ethylpiperidine and its picrate (EVANs), 
524; P., 1897, 64. 
Ethylpropylpiperidonium iodide, and its 
enantiomorphous crystals (EVANs), 
524; P., 1897, 64. 

Ethylstilbene, chlordibromide, and di- 
chloride (SuDBOROUGH), 227; P., 
1897, 20. 

B-chlor- (SUDBOROUGH), 218, 226; P., 
1897, 20. 


Ethyleulphuric chloride, action of lead | 


thiocyanate on (Dixon), 640. 
Ethylthioglycollic acid 
acid) (Dixon), 637 ; P., 1897, 9. 


F. 


Fenchone, behaviour of, towards phos- 
phorus trichloride and bromine 
(MarsH and GARDNER), 286; P., 
1896, 187. 

behaviour of, towards phosphorus 
pentachloride (GARDNER and CocK- 
BURN), 1157; P., 1897, 173. 
Fenchonephosphoric acid, chloro- 
sodium, lead, barium, copper salts 
(GARDNER and CocKBURN), 1157; P., 
1897, 173. 

Ferment, butyric, effect of oxygen on 

(PasrEuR LEcT.), 714. 
lactic, nature of (PAsTEUR LECT.), 
712. 

Fermentation, chemical theory of 
(PastEuR Lect.), 725; P., 1897, 
79. 

acetic (PASTEUR LEcT.), 721. 
alcoholic (PAsTEUR LEcT.), 712. 
butyric (PAsTEUR LEcT.), 714. 
lactic (PastEUR LEcT.), 712. 


action of mercurous | 
Formaldoxime, action of methylic iodide 


(a-thiobutyric | 
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Fisetin, occurrence of, in Rhus Cotinus 
and 2. rhodanthema (yellow cedar), 
(PERKIN), 1195, 1197; P., 1897, 198. 

Fish, composition of cooked (WILLIAMs), 
649; P., 1897, 88. 

Flacheric. See Silkworm diseases. 

Fluorine, liquefaction of, and properties 
of liquid (MoissAN and DEWAR), 
P., 1897, 175. 

Food, composition of cooked fish used as 
(WILLIAMS), 649; P., 1897, 88. 


CALVERT), 1051. 

Formaldehyde, thio-, from the action of 
hydrogen sulphide on the hydro- 
lytic products of cellulose (Cross, 
BEVAN and SMITH), 1006. 


and bromide on (DunNsTAN and 
GoULDING), 575; P., 1897, 76. 
methiodide, and the action of heat on 
it; its hydrolysis, and reduction 
(DuNsTAN and GovuLpINe), 575, 
576, 577. 
Formamide, action of sodamide on 
(TITHERLEY), 466 ; P., 1897, 46. 


| Formic acid, barium, calcium, and stron- 


tium salts, refractive powers of solid 
and dissolved (GLADSTONE and 
HIBBERT), 825. 


| Fowl cholera, investigation of (PASTEUR 


Lect. ), 739. 


| Freezing point, of solutions, influence 


of molecular association on (CROMP- 
TON), 928; P., 1897, 110. 

in dilute solutions, molecular depres- 
sion of the (WILDERMANN), 796; 
P., 1897, 139. 

of solutions containing two substances 
(WILDERMANN), 745; P., 1897, 

19 


of solutions of volatile substances 
(CrompPToN), 937; P., 1897, 110. 

of alloys of zinc with another metal 
(Hrycock and NEVILLE), 383; P., 
1897, 60. 

Fumaric acid, chloro-, ethylic salt, 
action of ethylic sodiomethylaceto- 
acetate on (RUHEMANN), 824, 
325 ; P., 1897, 52. 

action of ethylic sodio-oxalacetate 
on (RUHEMANN and HeEmmy), 
835; P., 1897, 64. 
Furfuraldehyde (fuzfurol) amounts of, 
produced by hydrolysing various 
celluloses(CRoss, BEVANandSmITER), 
1005. 
influence of fermentation on (Cross, 
BEVAN and Sm1TH), 1007. 
Furfuroids, constitution of (CRoss, 
Bevan and SmirH), 1001; P., 1897, 


151. 
402 
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Furnace, electric, for heating delicate 
glass apparatus (SHENSTONE), 478; 
P., 1897, 3. 

Fustin, formula of (PERKIN), 1197. 


G. 


Galactic acid, calcium salts, racemism 
of (KipPING and Popr), 999. 

Galena, composition of (HARTLEY and 
RaMAGE), 542; P., 1897, 13. 

Gallium, occurrence of, in common 
minerals (HARTLEY & RAMAGE), 538 ; 
P., 1897, 11. 

Gallnuts, composition and ‘dyeing pro- 
perties of (PERKIN), 1137; P., 1897, 
170. 

Gallotannic acid, occurrence of, in 
Rhus rhodanthema (PeRKIN), 1197. 

d-Glucose. See Dextrose. 

Glucoside, C3,H3)9,,, occurring in Rhus 
rhodanthema (PERKIN), 1196; P., 
1897, 198. 

Glutaconic acid (propylenedicarboxylic 
acid), preparation of (BoLam), P., 


1896, 184. 
d- and i-Glyceric acids, 7- and z-amylic 
salts, rotatory power of (FRANKLAND 


and PRICE), 256, 261, 264; P., 
1897, 9. 

Glycerol produced in alcoholic fermenta- 

tion (PASTEUR LecT.), 718. 

influence of, on the rate of formation 
of carbamide (WALKER and Kay), 
506; P., 1897, 76. 

Glycollic acid, thio- (Dixon), 630; P., 
1897, 8. 

Glycollic aldehyde from dehydroxy- 
maleic acid, its oxidation, the action 
of heat and the action of phenylhydr- 
azine on it (FENTON), 375; P., 1897, 
63. 

Glyoxal, osazone of (FENTON), 375. 

Gold in natural saline deposits and 
marine plants (LIVERSIDGE), 298 ; 
P., 1897, 22. 

presence of, in sea-water, and a 
method for its detection (SonsTADT), 
P., 1896, 238. 

nuggets and ingots, crystalline struc- 

ture of (LIVERSIDGE), 1125; P., 
1897, 22. 

origin of (LIVERSIDGE), 1125, P., 
1897, 22. 

Gold alloys with sodium, structure of 
(Heycock and NEvILLE), P., 1897, 
105. 

with zine, freezing points of (HEYcock 
and NEVILLE), 419; P., 1897, 61. 

Grape sugar. See Dextrose. 
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Gulonic lactones, melting points and 
racemism of (Kippinc and Popg), 
997. 


H. 


Hematites, composition of (HARTLEY 
and RAMAGE), 536; P., 1897, 12. 
Hemoglobin, electrical convection of, 
in solutions (Picton and LINDER), 

571. 

1:2:3:4-Hemipinic acid from oxidation 
of corydic acid (DopBiz and Mars- 
DEN), 664; P., 1897, 102. 

1:2:4: 5-Hemipinic acid (metahemipinic 
acid) from oxidation of corydic acid 
(DoBBIE and MarspDEN), 664. 

Hexahydro-xylic acids. See Dimethy]- 
cyclohexanecarboxylic acids. 

Hexanaphthene, from American petro- 
leum, identity of with cyclo-hexane 
(ForteEy), P., 1897, 161. 

cyclo-Hexane (hexamethylene, hexanaph- 
thene), and its di-, tri-, and tetra- 
chloro-derivatives (ForTEY), P., 1897, 
161. 

“Hofmann’s violet,electrical convection of, 
in solutions (PicTON and LINDER), 571. 

Hydantoic acids, thio- nomenclature 
and constitution of (Drxon), 633, 
637 ; P., 1897, 9. 

Hydantoins, thio-, nomenclature 
(Drxon), 637 ; P., 1897, 9. 

Hydrazobenzene, sodium derivative of 
(TITHERLEY), 462; P., 1897, 45. 

Hydrindene, amino-, and its salts, and 
benzoyl derivative (REviIs and Kipr- 
ING), 250; P., 1896, 229. 

a-Hydrindone, derivatives of, and its 

oxidation with nitric acid (REVIs and 
KIPPING), 238 ; P., 1896, 229. 
bromo-, oxidation of (REvis and 
Krppine), 242; P., 1896, 229. 
iso-nitroso-, alkali derivatives of 
(REvis and Kippine), 248; P., 
1896, 229. 

a-Hydrindoneazine (REvisand KIppinc), 
248; P., 1896, 229. 

a-Hydrindone-oxime, action of mineral 
acids on (RkEvis and _ Kippine), 
248; P., 1896, 229. 

a-Hydrindonesemicarbazone (REVIs and 
KiIpPING), 241. 

a-Hydrindonylbromhydrindone (REVIS 
and KIPPING), 243; P., 1896, 229. 

Hydrocarbon, ©,,H,., from camphor- 
oxime benzyl ether (ForsTER), 1032; 
P., 1897, 165. 

Hydrogen, direct union of, with carbon 
(BonE and JERDAN), 41; P., 1896, 
175. 


of 
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Hydrogen, reaction of, with 
monoxide at high 
(Bone and JERDAN), 52. 

influence of platinum on the combina- 
tion of — with (FRENCH), P., 
1897, 5 
piligtammnestaghanies from the decom- 
position of _— (PERKIN), 810; 
P., 1897, 138 
Hydroxyanthraquinone dyes, oxidation 
of leuco-compounds of (GREEN), P., 
1896, 226. 
p-Hydroxybenzoic acid, from the de- 
composition of apigenin (PERKIN), 
810; P., 1897, 138. 
ethylic salt, from hydrolysis of 
apigenin diethylether(PERKIN), 815. 
Hydroxycamphene (camphenol) (MARSH 
and GARDNER), 290; P., 1896, 137, 187. 
Hydroxycamphorsulphonic acid, di- 


bromo-, and its lactone and bromide | 


(LapwortH and KIppinc), 19; P., 
1896, 215. 

o-Hydroxydiphenylacetic lactone 
(HEwIrTT and Pope), 1086. 

3-Hydroxy-1 : 5-diphenyltriazole, m- 
amino-,p-amino-,m-nitro-,and p-nitro-, 
and their acetyl and benzoyl deriva- 
tives (YouNG and ANNABLE), 205, 
207, 209,211; P., 1896, 246. 


Hydroxyindonylhydrindone (Rrvis and 


KipPiInG), 247; P., 1896, 229. 
Hydroxymethylcoumalin and the action 
of methylic alcohol and hydrochloric 
acid on it (RUHEMANN), 326. 
Hydroxy‘sonicotinic acid, chloro- (SELL 
and Doorson), 1073; P., 1897, 167. 
8-Hydroxy-1-phenyl-5-styryloxytri- 
azole, and its benzoyl derivative 
(Youne and ANNABLE), 215; P., 
1896, 246. 
3-Hydroxy-1-phenyl-5-styryltriazole, 
oxidation of (YouNG), 311; P., 1897, 
53. 
8-Hydroxy-1-phenyl-5-m-tolyltriazole, 


and its acetyl and benzoy] derivatives 


(Youne and ANNABLE), 212; P., 
1896, 246. 

Hydroxytriazoles, formation of, from 
phenylsemicarbazide (YounG and 
ANNABLE), 200 ; P., 1896, 246. 

&-Hydroxy-ac8-trimethylglutaric acid, 
ethylic salt, synthesis of (PERKIN and 
THORPE), 1178; P., 1897, 72. 

Hydroxytriphenylpyrrolone, hydrolysis 
of, and production of benzilic and 
benzoic acids (JAPP and TINGLE), 
1146; P., 1897, 171. 

Hyoscine auribromide and hydrobromide 


gold chloride, formation and proper- | 


ties of (JowErr), 679, 680; P., 1897, 


136. 


temperatures 


| Ketohydrindene. 
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carbon | Hyoscyamine hydrobromide gold chlo- 


ride, the formation and properties of 
(Jowgrr), 681; P., 1897, 136. 


I, 


Indamine dyes, oxidation of leuco-com- 
pounds of (GREEN), P., 1896, 226. 
Indigo, electrical convection of, in solu- 

tions (Picron and LINDER), 571. 

Indigo dyes, oxidation of leuco-com- 

pound of (GREEN), P., 1896, 226. 

Indium, occurrence of, in common mine- 
rals (HARTLEY and RAMAGE), T., 
533; P., 1897, 11. 
Indonylbromhydrindone (REVvIs 
Krppine), 245; P., 1896, 229. 
Indophenol-dyes, oxidation of leuco- 
compounds of (GREEN), P., 1896, 226. 
Iodine, electrical convection of, in solu- 
tion (PIcTON AND LINDER), 571. 
aetion of highly purified, on mercury 
(SHENSTONE), 485; P., 1897, 2. 
precipitation of, together with metallic 
hydroxides (ReTTIe), P., 1896, 178. 
Iron :— 

Ferric chloride, refractive power of, 
when dissolved in ethylic alcohol 
or ethylic acetate (GLADSTONE 
and HrissBertT), 827; P., 1897, 
142. 

hydroxide, electrical convection of, 
in solutions(PicTron and LINDER), 
571. 

Ferrous sulphate, refractive powers of 
solid and dissolved (GLADSTONE 
and HiBBERT), 825. 

double sulphates of copper, zinc, 
manganese, and (Scott), 565; P., 
1897, 71. 
Iron ores, composition of (HARTLEY and 
RaMAGE), 534; P., 1897, 12. 
Steel-rails, composition of (HARTLEY 
and RAMAGE), 548; P., 1897, 47. 


and 


K. 


Kainite, gold in (LIVERSIDGE), 299. 

spectroscopic analysis of (HARTLEY 
and RAMAGE), 549; P., 1897, 47. 

See Hydrindone. 

Ketolactonic acid and its homologues 
(SPRANKLING), 1159 ; P., 1897, 173. 

Ketolactonic acids, ethylic salts, rate of 
hydrolysis of (SPRANKLING), 1167 ; 
P., 1897, 174. 

Ketonic acid, C,H,,03, from the oxida- 
tion of B-camphylic acid, and its 
semicarbazone (W. H. PERKIN, jun.), 
P., 1896, 191. 
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d-Ketopinic acid (GILLEs and RENWICK), 
P., 1897, 158. 

t-Ketopinic acid, its oxidation, and its 
oxime and bromo-derivative (GILLES 
and RENWICK), P., 1897, 65. 

Kieserite, spectroscopic analysis of 
(HARTLEY and RAMAGE), 550; P., 
1897, 47. 


L. 


Lactic acid (inactive ethylidenelactic 
acid;  a-hydroxypropionic acid), 
separation of, into its active com- 
ponents (PasTEUR LEcT.), 693. 

Lactone, C,.H,,0,, obtained by action of 
sodium on ethylicacetonedicarboxylate, 
and its hydrolysis (JERDAN), 1110, 
1113; P., 1897, 168. 

Lactose (milk-sugar), heat of transfor- 
mation of the a- into the 8-variety 
(Brown and PICKERING), 767; 
P., 1897, 129, 130. 

heat of dissolution of (BRowNn and 
PICKERING), 769. 

freezing points of dilute aqueous solu- 
tions of (WILDERMANN), 802; P., 
1897, 139. 

Lead, occurrence of, in common minerals 
(HARTLEY and RAMAGE), 533; P., 
1897, 11. 

reaction of lead sulphate and of sul- 
phurous anhydride with (JENKINS 
and SmiTH), 671, 672; P., 1897, 
104, 

Lead alloy with zinc, freezing points of 
(Hrycock and NEVILLE), 394; P., 
1897, 61. 

Lead sulphide, action of oxygen on 

heated (JENKINS and SMITH), 666 ; 
P., 1897, 104. 

reaction of lead sulphate with (JEN- 
KINS and SmiTH), 669; P., 1897, 
104. 

Lecture, memorial: Pasteur (FRANK- 
LAND), 683; P., 1897, 79. 

Levulose (d-fructose, fruit sugar), heat 
of transformation of the a- and the 
B-variety (BROWN and PICKERING), 
765; P., 1897, 129, 130. 

heat of dissolution of (BRowN and 
PICKERING), 769. 

anhydrous, solution-density and cupric- 
reducing power of (BRowNn, Morris 
and MILLAR), 277, 280, 284; P., 
1897, 4. 

Levure lactique (PAstEUR LEct.), 712. 

Limonites, composition of (HARTLEY and 
RAMAGE), 586; P., 1897, 12. 

Liquids, miscible, viscosity of mixtures 
of (THORPE and RopGEr), 360; P., 
1897, 49. 


SUBJECTS. 


Liquids, volatile, apparatus for the 
fractional distillation of (YouNG and 
THomAS), 440; P., 1897, 58. 

Lithium, chloride, refractive power of, 
when dissolved in ethylic and propylic 
alcohols (GLADSTONE and HIBBERT), 
827; P., 1897, 142. 

Longstaff medal. Presentation of, to 
Pror. RAMSAY, 591; P., 1897, 80. 
Luteolin, triethylic ether (PERKIN), 191 ; 

(HeErzie), A., i, 94. 
trimethylic ether, formation of 
(PERKIN), 191. 

Lutidine. See 2: 4-Dimethylpyridine. 

y-Lutidostyril (2 : 4-dimethylpyridone) 


(CoLLIE), 307; P., 1897, 143; (Aston 
and CoLLik), 653; P., 1897, 89. 

y-Lutidostyril-5-carboxylic acid and its 
ethylic salt (CoLLIE), 310; P., 1897, 
43. 


Maclurin, derivatives of (PERKIN), 186 ; 
P., 1897, 5. 

Maclurinazobenzene, constitution of 
(PERKIN), 186; P., 1897, 5. 

Magdala red, electrical convection of, in 
solutions (Prcron and LInDER), 571. 

Magnesium alloys with zinc, freezing 
points of (HEycock and NEVILLE), 
395; P., 1897, 61. 

Magnesium hydroxide, precipitation of 
iodine together with (RETTIE), P., 
1896, 178. 

nitride, action of benzaldehyde, of 
chloroform, and of hexachlorethane 
(SNAPE), 527; P., 1897, 50. 

sulphate, refractive powers of solid 
and dissolved (GLADSTONE and 
HIBBERT), 825. 

copper sulphate (Scotr), 567; P., 
1897, 71. 

Magnetites, composition of (HARTLEY 

and RAMAGE), 538; P., 1897, 12. 

Malic acid, silver salt, action of <sopro- 
pylic iodide and ethylic iodide on 
(PurDIE and LANDER), P., 1896, 
221, 222. 

ethylic salts, optical activity of (Pur- 
DIE and LANDER), P., 1896, 221, 
222. 
zsopropylic salt (PURDIE and LANDER), 
P., 1896, 221 
t-Malic acid, synthesis of (PASTEUR 
Lect.), 704; P., 1897, 79. 
Malonic acid, formation of (JERDAN), 
1108. 
Malonic acid, sodio-, action of ethylenic 
chloride on (LEAN and LEEs), 1062; 
P., 1897, 161. 
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Malonyl-8-butylenetricarboxylic 


P., 1897, 52. 

Maltodextrin-a, C,,H,.O;,, from action 
of diastase on starch, and the action 
of diastase on it (Linc and BAKER), 
510, 514; P., 1897, 3. 

Maltodextrin-8, identity of with Prior’s 
achroodextrin III., and the action of 
diastase on it (Line and BAKER), 
510, 517; P., 1897, 3. 

730-Maltosazone, from action of phenyl- 
hydrazine acetate on a mixture of mal- 
tose and maltodextrin-8 (Linc and 
BAKER), 511, 519. 

Maltose, specific rotation of (Brown, 
Morris and MILiAR), 110; P., 1896, 
242, 243 ; (Linc and BAKER), 512; 
P., 1897, 3. 

heat of transformation of the a- into the 
B-variety (BROWN and PICKERING), 
764; P., 1897, 129, 130. 

heat of dissolution of (BROWN and 
PICKERING), 769. 

freezing points of dilute aqueous solu- 
tions of (WILDERMANN), 802; P., 
1897, 139. 

anhydrous, solution-density of (Brown, 
Morris and MILLAR), 
1896, 242. 

cupric-reducing power of (BROWN, 
Morris and MILLAR), T., 99, 100; 
P., 1896, 242; (Line and BAKER), 
512; P., 1897, 3. 

tsoMaltose, its probable composition and 
the action of brewery yeast on it, its 
cupric-reducing and specific rotatory 
powers (Linc and BAKER), 511, 513; 
520, 521. 

Manganese, occurrence of, in common 
minerals (HARTLEY and RAMAGE), 
533; P., 1897, 11. 

double .sulphates of copper, iron and 
(Scott), 567; P., 1897, 71. 

Manganese ores and minerals, composi- 
tion of (HARTLEY and RAMAGBE), 539 ; 
P., 1897, 12. 

Manometer with fused silver chloride 
(SHENSTONE), 486 ; P., 1897, 3. 

Medal, Longstaff, presentation of, to 
Pror. RAmsAy, 591; P., 1897, 80. 

Melting point, a method of determining 
(Cook), P., 1897, 74. 

of racemic and pseudoracemic sub- 
stances (KIpPING and Pope), 994; 
P., 1897, 1386. 

Memorial lecture: Pasteur 
LAND), 683 ; P., 1897, 79. 

Menthone, behaviour of, towards phos- 
phorus trichloride and bromine (MARSH 
and GARDNER), 286 ; P., 1896, 187. 


(FRANK- 


acid, | 
ethylic salt, and the action of am- | 
monia on it (RUHEMANN), 327, 328 ; 


Ms Ess. | 
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Mercury, purification of (SHENSTONE), 
483; [., 1897, 2. 
molecular association in liquid (CRomP- 
TON), 933. 
action of highly purified chlorine, 
bromine, and iodineon (SHENSTONE), 
485; P., 1897, 2. 

Mercury alloy with silver, heat of 
formation and specific heat of (Lirr.e- 
TON), P., 1896, 220. 

Mercuric salts, constitution of (RAy), 

1103. 

hyponitrite (RAy), 349, 1097, 1105; 
P., 1896, 217. 

sulphate, basic (RAy), 1098. 

Mercuroso-mercuric __ nitrites 
(RAy), 341; P., 1896, 218. 

Mercurous nitrates (RAy), 342; 

1896, 218. 
nitrite, hydrated, crystallography of 
(HoLuanpn), 346; P., 1896, 218. 
nitrites and hyponitrites (RAY), 337, 
348; P., 1896, 217. 

Mesitylacetamide (SuDBOROUGH, JACK- 
son and Luioyp), 232; P., 1897, 21. 

Mesitylformamide (SUDBOROUGH, JACK- 
son and Luoyp), 233; P., 1897, 21. 

Methane, formation of, by direct union 

of carbon and hydrogen (Bonz and 

JERDAN), 51, 55; P., 1896, 175. 
action of the electric arc on (BONE and 

JERDAN), 59; P., 1896, 177. 

1 : 2-Methoxyacetonaphthalide, 
3’-bromo- (Davis), P., 1896, 233. 

2-Methoxynaphthalene, cystallography of 

derivatives of (DAvis), P., 1896, 233. 

l-amino-, 3’-amino, 1’-amino- and its 
acety! derivative, 3’: 1-bromamino-, 
l-nitro-, 1/-nitro-, 3’-nitro-, 1:1’- 
dinitro- and 1:8’-dinitro- (DAvIs), 
P., 1896, 231, 232. 


(basic) 
Peg 


| Methylacetaldoxime, and its hydrolysis 


(DuNSTAN and GouLDING), 577; P., 
1897, 77. 

Methylacetoacetic acid, sodio-, ethylic 
salt, action of ethylic chlorofumarate 
on (RUHEMANN) 825; P., 1897, 52. 

Methylacetophenoxime, hydriodide of, 
and its hydrolysis (DUNSTAN and 
GovuLpINe), 579. 

a-Methyl-S8-acetopropionic acid 
(SPRANKLING), 1163. 

Methylacetoxime, periodide of, and its 
hydrolysis (DuNSTAN and GoULDING), 
578; P., 1987, 77. 

Methylamine, hydrochloride, hydriodide, 
and platinochloride (DUNSTAN and 
GovuLDING), 576, 578. 

Methylcamphorimine, hydrochloride, hy- 
driodide, methiodide, platinochloride, 
picrate, chromate, mercurichloride, per- 
bromide (ForsTER), 193 ; P., 1897, 21. 
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Methyldeoxybenzoin, action of phos- 
phorus pentachloride on (Sup- 
BOROUGH), 218; P., 1897, 20. 

Methylene-blue dyes, oxidation of leuco- 
compounds of (GREEN), P., 1896, 227. 

Methylformaldoxime, hydriodide of, and 
the action of heat on an aqueous solu- 
tion of it (DUNSTAN and GoULDING), 
575; P., 1897, 76. 

1-Methylcyclohexene-2 : 5-dicarboxylic 
acid(methyltetrahydroterephthalic acid) 
and its methylic salt (BENTLEY and 
PERKIN), 178 ; P., 1896, 79. 

8-Methylhydroxylamine, from formal- 
doxime methiodide (DuNsSTAN and 
GouLDING), 577. 

Methylic alcohol, influence of, on the 
rate of formation of carbamide 
(WALKER and Kay), 506; P., 1897, 


96. 

Methylic iodide, viscosity of mix- 
tures of carbon bisulphide with 
(THoRPE and RopcEr), 367; P., 
1897, 50. 

Methylmannosides, melting points and 
racemism of (KIPppING and Pope), 997. 

2-Methylisonicotinic acid, 6-chloro-, and 
its salts (AsToN and CoLLIE), 656; 
P., 1897, 89. 

Methylparaconic acid, dichloro-, and the 
action of barium hydroxide on 
(Myers), 614; P., 1897, 100. 

trichloro-, action of acetic acid and 
zinc dust on (Myers), 614; P., 
1897, 100. 

Methylisophthalic acid [Me : (COOH),= 
1:2:4], preparation of, and its methylic 
salt (BENTLEY and PERKIN), 175, P., 
1896, 79. 

4-Methylpicolinic acid, 2-chloro-, and 
its salts (Asron and COLLIE), 655; 
P., 1897, 89. 

Methylpyridinetricarboxylic acid, from 
oxidation of corydic acid (DopBiz and 
MarspEn), 664; P., 1897, 102. 

Methylstilbene, chloro-, its constitution, 
and dibromide (SUDBOROUGH), 
225; P., 1897, 20. 

B-chloro-, and its dibromide (SupD- 
BOROUGH), 218, 224; P., 1897, 20. 

Methylterephthalic acid, preparation of, 
and its methylic salt (BENTLEY and 
PERKIN), 175; P., 1896, 79. 

Methyltetrahydroterephthalic acid 
(1-methylcyclohexene-2 : 5-dicarboxylic 
acid) and its methylic salt (BENTLEY 
and PERKIN), 178; P., 1896, 79. 

Methylthioglycollic acid (a-thiolactic 
acid) (Dixon), 634 ; P., 1897, 8. 

Methyl-violet, electrical convection of, 
in solutions (PicroNn and LINDER), 
571. 
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Morus tinctoria, maclurin from (PERKIN), 
186 ; P., 1897, 5. 

Mucor mucedo, fermentation by (PASTEUR 
LeEctT.), 728. 

Mycoderma aceti (PASTEUR LEcT.), 721. 

Myricetin, occurrence of, in the leaves 
of Rhus Cotinus (PERKIN), 1136, 
1197 ; P., 1897, 170. 

Myrobalans, composition and dyeing 
properties of (PERKIN), 1137; P., 
1897, 170. 


N. 


Naphthalene, space formula for (CoLLIE), 
17. 


Naphthalene, 1 : 1’-dichloro-, conversion 
of, into 1: 4’-dichloronaphthalene 
(ARMSTRONG and WywnneE), P., 
1897, 154. 

: 2’-dichloro-, from 1 : 1’ : 3-dichloro- 
naphthalenesulphonic acid (ARM- 
STRONG and WynnBe), P., 1897, 155. 
:2:1/-trichloro-, behaviour of, to- 
wards concentrated hydrochloric 
acid (ARMSTRONG and Wynnsg), P., 
1897, 156. 

:3’:1’-trichloro-, and 2:4’ :2’-tri- 
chloro- (ARMSTRONG and Wynne), 
P., 1897, 153. 

Naphthalene-1’ ; 3’-disulphonic acid, 
2-chloro-, conversion of the chloride of, 
into 2 :3’:1’-trichloronaphthalene 
— and Wynne), P., 1897, 
153. 

Naphthalene-4 ; 2’-disulphonic acid, 
2-chloro-, conversion of chloride into 
2:4':2’-trichloronaphthalene (ARM- 
STRONG and Wynng), P., 1897, 153. 

8-Naphthalenesulphonic acid, 1:1'-di- 
chloro-, potassium salt, chloride, amide 
(ARMSTRONG and Wynne), P., 1897, 
155. 

2’-Naphthalenesulphonic acid, 2: 4’-di- 
chloro-, barium and potassium salts, 
chloride, amide (ARMSTRONG and 
Wywne), P., 1897, 153. 

3’-Naphthalenesulphonic acid, 2: 1’-di- 
chloro-, and its potassium salt, chloride, 
and amide (ARMSTRONG and WYNNE), 
P., 1897, 153. 

a-Naphthalenesulphonic acids, effect of 
heat on (CoLLIE), 1022. 

8-Naphthol, nitration of (ARMSTRONG), 
P., 1896, 230. 

crystallography of derivatives of 
(Davis), P., 1896, 233. 
8-Naphthol, 1-bromo-, nitration of 
(ARMSTRONG), P., 1896, 230. 
3’-bromo-, sulphonation of (ARMSTRONG 
and Davis), P., 1896, 231. 
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B-Naphthol, 1: 3’-dibromo-, conversion of, 
into 3’-bromo-8-naphthol (ARM- 
STRONG and Davis), P., 1896, 230. 
3’-bromo-l-nitro- (ARMSTRONG and 
Davis), P., 1896 231. 
a-Naphthylamine, action of sodamide on 
(TITHERLEY), 465; P., 1897, 45. 
B-Naphthylamine, yellow compound ob- 
tained by action of diacetyltar- 
taric anhydride on (CoHEN and 
Harrison), 1061; P., 1897, 167. 
3’:1-bromonitro-, acetyl derivative 
(Davis), P., 1896, 232. 
1-nitro- (Davis), P., 1896, 232. 


a- and 8-Naphthylcarbamides and their | 


acetyl and benzoyl derivatives (YouNG 
and CLARK), 1200, 1202; P., 1897, 
199. 

Nickel, occurrence of, in common mine- 
rals (HARTLEY and RAMAGE), 533 ; 
P., 2007, 11. 

Nickel alloys with zinc, freezing points 
of (Hrycock and NEVILLE), 403. 

Nickel sulphate, refractive powers of 

solid and dissolved (GLADSTONE and 
HIBBERT), 824. 

double sulphates of copper, cobalt and 
(ScotT), 566; P., 1897, 71. 

Nickel ores and minerals, composition 
of (HARTLEY and RAMAGE), 541; P., 
1897, 13. 

iso-Nicotinic acid, 2:6-dichloro-, its 

acid chloride, amide, and ethylic 
salt, and its conversion into citr- 
azinic acid, and the action of am- 
monia on it (SELL and Dootson), 
1075, 1076; P., 1897, 167. 
tetrachloro-, its chloride, amide, and 
ethylic salt, and its conversion into 
trichloramino- and dichlorodiamino- 
pyridine (SELL and Doorson), 
1078, 1080, 1083 ; P., 1897, 167. 
iso-Nicotinic acids, chloro-, conversion 


of, into chloropyridines and chlor- | 


aminopyridines (SELL and DoorTson), 
1081; P., 1897, 167. 
Nitratine, gold in (LIVERSIDGE), 299. 
Nitration, notes on (ARMSTRONG), P., 
1896, 230. 
Nitric acid, Nitric peroxide. 
Nitrogen. 
Nitrogen oxidation of (RAYLEIGH), 181, 
185; P., 1897, 17. 
Nitrogen iodide (MALLET), P., 1897, 55. 
Nitric peroxide, preparation of (COHEN 
and CALVERT), 1052. 
molecular association 
(CROMPTON), 934. 
Nitric acid, refractive power when 
dissolved in amylic nitrate or nitro- 
benzene (GLADSTONE and His- 
BERT), 828; P., 1897, 142. 


See under 


in 


liquid 


SUBJECTS. 1233 


Nitroso-compound, from camphoroxime 
(ForsTER), 199; P., 21. 


0. 


Obituary notices :— 
Capt. Marshall Hall, 1204. 
Henry A. Mott, 1204. 
Tetsukichi Shimidzu, 1205. 
William Henry Walenn, 1206. 
Theodore George Wormley, 1206. 


| (Edema, malignant, bacillus of (PaAsTEUR 


LEctT.), 737; P., 1897, 80. 

Optically active crystals and enantio- 
morphism (PorE and _  KIPPIN@), 
P., 1896, 249. 

Orcinol, condensation of, with chloral 
(Hewitt and Porpr), 1085. 

Osmotic pressure, association theory of 
(CRoMPTON), 925; P., 1897, 109. 

Osyritrin, a glucoside from Colpoon com- 
pressum, its properties, hydrolysis, and 
its acetyl derivative (PERKIN), 1134; 
P., 1897, 170. 

Oxalacetic acid, ethylic salt, action of 
zinc and ethylic bromacetate on 
(LAWRENCE), 458; P., 1897, 65. 

Oxalacetic acid, sodio-,ethylic salt,action 
of ethylic chlorofumarate on (RUHE- 
MANN and Hemmy), 335; P., 1897, 
64. 

Oxazine dyes, oxidation of leuco-com- 
pounds of (GREEN), P., 1896, 226. 

Oximes, action of alkyl iodides on 
(DunsTAN and GouLDING), 573; P., 
1897, 76. 

8-Oxycellulose, preparation of, nitration 
of, benzoate of (BULL), 1092—1095; 
P., 1897, 168. 

Oxygen, influence of platinum on the 
combination of, with hydrogen 
(FRENCH), P., 1897, 52. 

Oyster shells, gold in (LIVERSIDGE), 
298 ; P., 1897, 22. 

Ozone, influence of moisture on the 
formation of (SHENSTONE), 472; P., 
1897, 2. 


». 


Pasteur memorial lecture (FRANKLAND), 
683; P., 1897, 79. 

Pasteurisation (PaAstEUR LecrT.), 724; 
P., 1897, 80. 

Pentacarbon rings, synthesis of (Jarp 
and LANDER), 123; P., 1896, 107. 

Pentacetylmaclurin anhydride (PzEr- 
KIN), 186; P., 1897, 5. 

Pentane, normal, vapour pressures spe- 
cific volumes, and critical constants 
of (YounG), 446; P., 1897, 58. 
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iso-Pentane, physical constants of 
(Youncand THomas), 445; P.,1897,58. 

Pentanes, separation of, from American 
petroleum (Youne and THoMAs), 
440; P., 1897, 58. 

Pentoses, relationship of, to yeast 
(Cross, BEVAN and SMITH), 1008; 
P., 1897, 151. 

Periodic system of the 
(DEELEY), P., 1896, 185. 
Persian berries, the constituents of 
(PERKIN and MartTIn),, 819; P., 

1897, 139. 

Petroleum, American, separation of pen- 
tane and 7so-pentane from (YounG and 
THomAs), 440; P., 1897, 58. 

Phenanthraquinone, behaviour of, 
towards hydriodic acid (JApP and 
FINDLAY), 1118; P., 1897, 169. 

Phenanthrone (Japp and FInpDLAyY), 
1115; P., 1897, 169. 

8-Phenanthrylamine, hydrochloride 
(JAPP and FINDLAY), 1123; P. 1897, 
169. 

8-Phenanthrylic acetate (Japp and 

FINDLAY), 1122; P., 1897, 169. 
oxide, and its picrate and methylic 
derivative (JAPP and FINDLAY), 
1119; P., 1897, 169. 
iso-Phenethylmandelic acid (Japp and 
LANDER), 137 ; P., 1896, 107. 

o- and p-Phenetolazophenols, hydro- 
chlorides, acetyl, benzoyl and benzene- 
sulphonic derivatives | (HEwITT, 
Moors and Pitt), P., 1897, 157. 

Phenol, freezing point of dilute aqueous 

solutions of (WILDERMANN), 800; 
P., 1897, 139. 

sodium derivative of, oxidation of by 
fused caustic soda (CoLLIE), 1022. 

Phenol, m-nitro-, nitration of (CoLLIE), 
1022. 

Phenylallylthiocarbimide, action of 
chloracetamideon (Dixon), 632; P., 
1897, 8. 

Phenylallylthiohydantoin (Dixon), 632, 
633 ; P., 1897, 8. 

Phenylazocarbamide, condensation of, 
with benzaldehyde (Youne and 
ANNABLE), 201 ; P., 1896, 246. 

Phenyl benzyl ketone. See Deoxy- 
benzoin. 

Phenylbenzylthiohydantoin 
631; P., 1897, 8. 

Phenyl-a8-dibromopropionic acid, 

seudoracemism of (KIpPPING 
OPE), 1001; P., 1897, 136. 

Phenyldimethylthiohydantoin (Dixon), 
635 ; P., 1897, 9. 

5-p-Phenylenebis-3-hydroxy-1-phenyl- 
triazole (Youne and ANNABLE), 217; 
P., 1896, 246. 


elements 


(Drxoyn), 


and 
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Phenylethylthiohydantoin (Dixon), 
636 ; P., 1897, 9. 
Phenylhydrazine, action of sodamide on 
(TITHERLEY), 461; P., 1897, 45. 
sodium derivative of (TITHERLEY), 
461; P., 1897, 45. 
Phenylhydrazone, C,,H,,0,N., from the 
condensation product of  ethylic 
actonedicarboxylate (JERDAN), 1113. 
1-Phenyl-3-methyl-5-pyrazolone-4- 
acetic acid and its ethylic salt (RUHE- 
MANN and Hemmy), 332; P., 1897, 53. 
Phenylmethylthiohydantoin, its consti- 
tution, and the action of baryta water 
on it (Drxon), 629, 630; P., 1897, 8. 
aa-Phenylmethylthiourea, action of 


ethylic monochloracetate on (Dixon), 


631; P., 1897, 8.. 

Phenylnitrocarbinol. See Benzylic alco- 
hol, a-nitro-. 

Phenylsemicarbazide, benzoy] derivative 
of, the two probable isomerides of 
(Youne and ANNABLE), 202; P., 
1896, 246. 

oxidation of the condensation products 
of, with m- and p-nitro-benz- 
aldehyde, with m-toluic aldehyde, 
with cinnamaldehyde, and with 
terephthalic aldehyde (Youne and 
ANNABLE), 203; P., 1896, 246. 

Phenylsulphonic chloride, action of lead 
thiocyanate on (Dixon), 640. 

Phenylthiocarbimide, from phenylthio- 
hydantoin and carbon bisulphide 
(Drxon), 628 ; P., 1897, 7. 

Phenylthiocarbimidoglycolide (Drxon), 
626 ; P., 1897, 7 

Phenylthiohydantoin, its constitution, 
and the action of hydrochloric acid and 
of carbon bisulphide on (Drxon), 
621, 626, 628, 629; P., 1897, 7 

Phloretin, constitution of, and its acetyl 
derivative (PERKIN and MARTIN), 
1152, 1153. 

Phloretindisazobenzene and its acetyl 
derivative (PERKIN and MARTIN), 
1151; P., 1897, 172. 

Phloretindisazo-o-toluene and -p-toluene 
(PERKIN and Martin), 1151, 1152; 
P., 1897, 172. 

Phloroglucinol, from the decomposition 
of apigenin (PERKIN), 809; P., 
1897, 54, 138. 

synthesis of (JERDAN), 1108; P., 
1897, 168. 
identification of (JERDAN), 1114. 

Phloroglucinolazobenzene, melting 
point and acetylisation of (PERKIN), 
189, 190; P., 1897, 5. 

Phloroglucinoldisazobenzeneazo-7m- 
nitrobenzene (A. G. PERKIN), 1156 ; 
P., 1897, 173. 
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Phloroglucinol-o-trisazoanisol and tris- 
azobenzene (A. G. PERKIN), 1154, 
1155 ; P., 1897, 172. 

PHOTOCHEMISTRY :— 


Light, action of, on highly purified | 


chlorine (SHENSTONE), 487; P., 
1897, 2. 


coloration produced in a solution of | 


nitrobenzene in sulphuric acid on 
exposure to (FRISWELL), P., 1897, 
148. 

Rontgen rays, photographs of gold- 
sodium alloys (Hrycock and 
NEVILLE), P., 1897, 105. 

Rotatory power, of amylic glycerates, 
diacetylglycerates and dibenzoyl- 
glycerates (FRANKLAND and 
PRICE), 253; P., 1897, 9. 


of salts containing the same active | 


group (Crompton), 946; P., 


1897, 111. 


Multirotation, cause of (BRowN and | 
| Potassium cobaltite (McCoNNELL and 


PICKERING), 769 ; P., 1897, 130. 
Refraction of dissolved substances, 


influence of the nature of the | 


solvent on the (GLADSTONE and 
HIBBERT), 826; P., 1897, 142. 


of potassium, rubidium, and cesium | 


selenates in solution (Turron), 
911; P., 1897, 117. 

of potassium sulphate in solution 
(TuTTon), 913; P., 1897, 117. 

of crystalline salts (TuTTON), 235; 
P., 1897, 10; (Pore), P., 1897, 11. 

of salts in the crystalline and dis- 
solved states (GLADSTONE and 
HIBBERT), 823; P., 1897, 
141. 

Refractive index of cxsium, rubi- 
dium, and _ potassium  selenates 
(TuTTON), 876, 881, 888; P., 
1897, 116. 

Spectroscopic analysis of aluminium 
compounds, steel, and Stassfurth 
minerals(HARTLEYand RAMAGE), 
547; P., 1897, 46. 

of common ores and 
(HARTLEY and RAMAGB), 
P., 180%, 11. 

Phthaleins, oxidation ofleuco-compounds 
of (GREEN), P., 1896, 226. 

y-Picoline (4-methylpyridine), penta- 
chloro- (SELL and Dootson), 1080; 
P., 1897, 167. 

Pinene, hydrobromide, behaviour of, 
towards phosphorus trichloride and 
bromine (MARSH and GARDNER), 287 ; 
P., 1896, 187. 

d-Pinene, behaviour of, towards phos- 
phorous trichloride and bromine 
(MarsH and GARDNER), 287; P., 
1896, 187. 


minerals 
533 ; 
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Pinophanic acid, silver salt (GILLES 
and RENwIck), P., 1897, 65. 

Plants, marine, gold in (LIVERSIDGE), 
298; P., 1897, 22. 

Platinum, nuggets, crystalline structure 
of (LIVERSIDGE), 1129; P., 1897, 
22. 

Platinum alloys with silver, solubility 

of, in nitric acid (SPILLER), P., 
1897, 118. 

with zinc, freezing points of (Hry- 
cock and NEVILLE), 421. 

Polymerisation. (HARcouRT), 595. 

Pomegranate, rind composition and 
dyeing properties of (PERKIN), 1137 ; 
P., 1897, 170. 

Porcelain, permeability of, to furnace 
gases (BonE and JERDAN), 43; P., 
1896, 61. 

Potassium, 
minerals (HARTLEY 
583 ; P., 1887, 11. 


occurrence of, in common 
and RAMAGE), 


HANES), 587; P., 1897, 62. 
permanganate action on sulphurous 
acid of (DymMonp and HvGHEs), 
314; P., 1897, 42. 
hydrogen phosphate, nitrate and di- 
chromate, refractive powers of solid 
and dissolved (GLADSTONE and 
HIBBERT), 824. 
selenate, crystallography and physical 
properties of (Turron), 846; P., 
1897, 115. 
thiocyanate, action of sulphuric acid 
on (CHATTAWAY and STEVENS), 
610; P., 1897, 87. 
Presidential address (VERNON Har- 
courRT), 592; P., 1897, 80. 
Propaldehyde, formation of (CoHEN and 
CALVERT), 1051. 
Propionamide, action of sodamide on 
(TITHERLEY), 467; P., 1897, 46. 
Propionic acid, a-bromo-, ethylic salt, 
action of ethylic sodio-acetoacetate on 
(SPRANKLING), 1162; P., 1897, 173. 
Propionic bromide, a-bromo-, action of 
lead thiocyanate on (Drxon), 633. 
Propionylthiocarbamide, a-bromo-, and 
action of aniline and o0-toluidine, 
methylaniline, and benzylaniline on 
(Dixon), 6338, 634, 635; P., 1897, 8. 
iso-Propoxysuccinic acid, isopropylic salt 
(PURDIE and LANDER), P., 1896, 221. 
iso-Propylic alcohol, hydrates of 
(THORPE), 920; P., 1897, 150. 
Protocatechuic acid, from the action of 
sodium hydroxide on apigenin (PEr- 
KIN), 811; P., 1897, 138. 
Punica Granatum, composition of the 
fruit rind of (PERKIN), 1137; P., 
1897, 170. 
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Pyridine, space formula for (CoLLIR), 
1018. 
derivatives, production of, from ethylic 
B-aminocrotonate (COLLIE), 299; 
P., 1897, 43. 
Pyridine, 2:3:5:6-tetrachloro- and 
pentachloro-, dichloramino- and tri- 
chloramino- (SELL and Doorson), 
1081, 1082, 1083 ; P., 1897, 167. 
Pyrites (iron pyrites), composition of 
(HARTLEY and RAaMAGE), 542; P., 
1897, 13. 
the decomposition of (CALDEcoTT), P., 
1897, 100. 
Pyro--aconine and 
(DuNsTAN and Carr), 358 ; P. 
154. 
Pyroamaric acid. 
butyric acid. 
Pyronetricarboxylic acid, 
(RUHEMANN and Hewmy), 
1897, 64. 


Pyro-/-aconitine 
, 1895, 


See y-Diphenyl- 


ethylic salt 
336, P., 


Q. 


Quercetin, from Gambier catechu and 
Acacia catechu (PERKIN), 1135. 
occurrence of, in Rumex obtusifolius 
(PERKIN), 1199 ; P., 1897, 198. 
production of, by hydrolysis of osyri- 
trin (PERKIN), 1133. 
Quercus Atgilops, composition of the 
fruit of (PERKIN), 1137; P., 1897, 170. 
Quercus infectoria, composition of gall- 
nuts of (PERKIN), 1137; P., 189%, 
170. 
Quinoline-dyes, oxidation of leuco-com- 
pounds of (GREEN), P., 1896, 226. 
Quinone (benzoquinone),. preparation of 
(FRANCIS), 423; P., 1897, 63. 
o- and p-Quinonoid structure in colour- 
ing matters (GREEN), P., 1896, 226. 


R. 


Rabies, protective inoculation for (PAs- 
TEUR LEcT.), 742; P., 1897, 80. 
Racemism and Pseudoracemism (KIP- 
PING and Pops), 989; P., 1897, 135. 
Resorcinol, freezing points of solutions 
of carbamide and (WILDERMANN), 
750; P., 1897, 119. 
condensation of chloral with (HEWITT 
and Popg), 1084; P., 1897, 167. 
Rhamnazin, constitution, dyeing pro- 
perties, decomposition of by alkalis, 
and tetramethylic ether (PERKIN and 
MARTIN), 819—821 ; P., 1897, 139. 
Rhodanic acid, from  phenylthio- 
hydantoin and carbon _bisulphide 
(Dixon), 628 ; P., 1897, 7. 
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Rhus Cotinus, the composition of catech 
from (PERKIN), 1136; 
170. 

the colouring matter and glucoside 
of (PERKIN), 1196, 1197 ; P., 1897, 
198. 


P., 1897, 


Rhus rhodanthema (yellow cedar), oceur- 
rence of fisetin in (PERKIN), 1194; 
P., 1897, 198. 

Rhus tinctoria, colouring matter of 
(PERKIN), 1120; P., 1897, 198. 

Rock-salt, gold in (LIVERSIDGE), 298 ; 
P., 1897, 22. 

spectroscopic analysis of (HARTLEY and 
RAMAGE), 550; P., 1897, 47. 

Rosaniline (triaminodiphenyltolyl- 
carbinol) hydrochloride, electrical con- 
vection of, in solutions (PicTon and 
LINDER), 571. 

Rubidium, occurrence of, in common 
minerals (HARTLEY and RAMAGR), 
533; P., 1897, 11. 

action of ammonia on (TITHERLEY), 
469; P., 1897, 46. 

Rubidamide, and the action of heat, 
of water, and of acetoxime on it 
(TITHERLEY), 469; P., 1897, 46. 

di-Rubidammonium, and the action of 
heat on it (TITHERLEY), 469. 

Rubidium selenate, crystallography and 
een properties of (TuTToN), 846 ; 

1897, 115. 

Rumex obtusifolius, occurrence of querce- 

tin in (PERKIN), 1199; P., 1897, 198. 


Saffranine dyes, oxidation of leuco-com- 
pounds of (GREEN), P., 1896, 227. 

Salicylic acid, sodium salt of, formation 
of (COLLIE), 1022. 

Salts, crystalline, refractive powers of 
(TuTron), 285 ; P., 1897, 10. 

Selenium, estimation of,in alkali selenates 
(TuTTon), 848. 

Shellac, electrical convection of, in emul- 
sions (Picton and LInDER), 571. 

Siderites, composition of (HARTLEY and 
RaMAGE), 533; P., 1897, 12. 

Silicic acid, electrical convection of, in 
solutions (PIcroN and LINDER), 571. 
Silkworm diseases (PasrzEUR LECT.), 

733 ; P., 1897, 80. 
Silver, occurrence of, in common mine- 
tals (HARTLEY and RAMAGE), 533 ; 
P., 1897, 11. 
in natural saline deposits and’ marine 
plants (LIVERSIDGE), 298 ; P., 1897, 
22 


ingots, crystalline structure of (LIVER- 
SIDGE), 1180; P., 1897, 22. 
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Silver-alloys with platinum, solubility 
in nitric acid (SPILLER), P., 1897, 
118. 

with zinc, freezing points of (HEYcocK 
and NEVILLE), 407 ; P., 1897, 61. 

Silver amalgams, heat of formation and 
specific heat of (LITTLETON), P., 1896, 
220. 

Silver hydroxide, electrical convection of, 
in solutions (PicroN and LInpDER), 
571. 

Sodium, occurrence of, in common mine- 
rals (HARTLEY and RAMAGE), 
533; P., 1897, 11. 

Sodamide, action of ethylic iodide, of 
ethylenic dibromide, chlorobenzene, 
quinondichlorimide, carbon hexa- 
chloride, aniline, diphenylamine, 
8-naphthylamine, formamide, acet- 
amide, propionamide, and benzamide 
on (TITHERLEY), 460—467; P., 
1897, 45, 46. 

Sodium alloys with gold, structure of 
(Heycock and NEVILLE), P., 1897, 
105. 

Sodium, relative quantities of dextro- and 
levo-crystals deposited from op- 
tically active solutions of (PoPE and 
Kiprine), P., 1896, 249. 

nitrate, refractive powers of solid and 
dissolved (GLADSTONE and HIb- 
BERT), 824. 

Solanaceous alkaloids, gold salts of the 
(JowETT), 679 ; P., 1897, 136. 

Solubility of racemic and pseudoracemic 
substances (KIppING and Pope), 
998 ; P., 1897, 136. 


of potassium, rubidium, and cesium | 
selenates in water (TuTTON), 850; | 


P., 1897, 115. 
Solutions, Dalton’s law in (WILDER- 
MANN), 743; P., 1897, 119. 
influence of molecular association on 
the properties of (CROMPTON), 925 ; 
P., 1897, 109. 
molecular depression of freezing point 
in dilute (WILDERMANN), 796; P., 
1897, 139. 
colloidal substances, electrical 
convection in (Picton and LINDER), 
568. 
of electrolytes, molecular association 
theory of the properties of (CRoMP- 
TON), 941; P., 1897, 110. 
Spontaneous generation 
LectT.), 716; P., 1897, 79. 
Staphylococcus pyogenes, discovery of 
(PasTEUR LEcT.), 737 ; P., 1897, 80. 
Starch, electrical convection of, in solu- 
tions (PIcTron and LINDER), 571. 
action of diastase on (LING and 
BAKER), 508, 513; P., 1897, 3. 


of 
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Starch, hydrolysis of, by diastase, experi- 
mental methods used in the estima- 
tion of the solid products from the 
solution-density, and limits of accu- 
racy in the methods used (Brown, 
Morris and MILLAR), 72, 99, 100, 
106; P., 1896, 241, 242. 

hydrolysis of, by diastase products 
of, determination of specific rotatory 
power of ; relation of [a]; to [a]p, and 
of sp. rot. power and cupric-reducing 
powers, cupric-reducing power of, 
and solution densities of (BRown, 
Morris and MILLAR), 79, 84, 90, 
94, 115; P., 1896, 242. 
thermochemistry of hydrolysis of, by 
malt extract, taka diastase, saliva, and 
pancreatin (BRowNand PICKERING), 
785; P., 1897, 130. 
soluble, specific-rotation of (Brown, 
Morris and MILtaR), 114; P., 
1896, 243. 
solution-density of (BRown, Morris 
and MILLAR), 78; P., 1896, 242. 

Stassfurthite, spectroscopic analysis of 
(HARTLEY and RAMAGE), 550; P., 
1897, 47. 

Stilbene (s-diphenylethylene), preparation 

of (SuUDBOROUGH), 221. 
dibromide, preparation of 
BOROUGH), 221. 

Stilbene, dibromo-, chloro-, chlorobromo- 
and dinitro- (SUDBOROUGH), 
218—223 ; P., 1897, 20. 

8-chloro-, preparation of, and its di- 
bromide and _ dichloride (Sup- 
BOROUGH), 220, 221, 222; P., 1897, 
20. 

Straw, barley, fermentation of the hydro- 
lytic products of (Cross, BEVAN and 
SmirTH), 1007. 

Streptococcus pyogenes, discovery of 
(PasteEuR Lect), 737; P., 1897, 
80 


(Sup- 


Strontium, occurrence of, in common 
minerals (HARTLEY and RAMAGE), 
533; P., 1897, 11. 

Substance, C,,H,.0,,, from fermentation 

of isomaltose, and osazone of (LING 
and BAKER), 521; P., 1897, 3, 4. 
C,,H,.0., from 7so-cinnamenylman- 
delic acid on heating (JAPP and 
LANDER), 138; P., 1896, 107. 
C,,H,,0,, from anhydracetonebenzil- 
carboxylic acid on oxidation (Japp 
and LANDER), 143. 
C,)H,,0,(N°OH), from a-anhydro- 
benzillevulinic acid and hydroxyl- 
amine (Japp and Murray), 149. 
C.3H,,03. from the oxidation of phen- 
anthrone (JAPP and FINpDLAyY), 
1121; P., 1897, 169. 
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Substance, C,.,H,.N., from dibenzoylcin- 
namene and phenylhydrazine, de- 
structive distillation of (JaPP and 
TINGLE), 1148 ; P., 1897, 171. 

C3,H,,0,, from anhydracetonebenzil 


and acetic anhydride (JAPP and 
LANDER), 130; P., 1896, 107. 

C,gH,,N,O,, from anhydracetonebenzil 
carboxylic acid and phenylhydrazine, 
(JAPP and LaAnpER), 148; P., 
1896, 109. 

Succinic acid produced in alcoholic 
fermentation(PasTEuR LEctT.), 713. 
Sucrose (saccharose, cane-sugar), heat of 
dissolution of (BROWN and PIck- 

ERING), 769. 

heat of inversion of, by invertase 
(BROWN and PICKERING), 792; P., 
1897, 131. 

heat of transformation of the a- into the 
B- variety (BROWN and PICKERING), 
768. 

freezing points of solutions of mixtures 
of carbamide and (WILDERMANN), 
750 ; P., 1897, 119. 

influence of, on the rate of formation 
of carbamide (WALKER and Kay), 
506 ; P., 1897, 76. 

Sugar, C,H,,0,, from action of heat on 
glycollic aldehyde (Fenron), 376; P., 
1897, 63. 

Sugar, invert-, anhydrous, solution- 
density and cupric-reducing power 
of (BRowN, Morris, and MILLAR), 
278, 280; P., 1897, 4. 

Sulphanilic acid, action of bromine on 
(Evans), P., 1897, 235. 

Sulphocamphoric acid, its salts, and 
anhydride, and bromide and chloride 
of the latter (LAPWoRTH andKIPPING), 
8; P., 1896, 216. 

Sulphocamphylic acid, fusion of, with 
potash (W. H. PERKIN, jun.), P., 
1896, 189. 

Sulphur, electrical convection of, in 

solutions (Picron and LINDER), 571. 

Sulphurous anydride, reaction of lead 
with (JENKINS and SmirH), 672; P., 
1897, 104. 

Dithionic acid, formation of, by the 
oxidation of sulphurous acid by 
potassium permanganate (DyMoND 
and HueuEs), 314; P., 1897, 42. 

Sumach, South African, composition of, 
and amount of catechcol-tannin in 
(PERKIN), 1132; P., 1897, 170. 

Swine measles, inoculation for (PASTEUR 
Lect.), 740; P., 1897, 80. 

Sylvite, gold in (LIVERSIDGE), 298; P., 

1897, 22. 

spectroscopic analysis of (HARTLEY 

and RaMAGE), 550; P., 1897, 47. 
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T. 


Tachyhydrite, spectroscopic analysis of 
(HarTLEY and RAMAGE), 550; P., 
1897, 47. 

Tannin a. from South African 
sumach (PERKIN), 1132. 

Tannins, relationship of, to accompanying 
colouring matters (PERKIN), 1137. 

Tap, vacuum, improved (SHENSTONE), 
480; P., 1897, 3. 

d-Tartaric acid, refractive powers of solid 
and dissolved (GLADSTONE and 
HIBBERtT), 824. 

fermentation of (PasTEuR LKECT.), 
697. 

4-Tartaric acid (mesotartaric acid), forma- 

tion of (PaAsTEUR LEcT.), 702. 

Racemic acid, formation of, from 

dextro- and Jevo-tartaric acid 
(PasTEvR LEcT.), 690. 

resolution of, by means of the 
— and cinchonicine salts 
(PASTEUR LEcT.), 694. 

ammonium salt of, fermentation of 
(PASTEUR LEcT.), 697. 

sodium ammonium salt, separation 
of, into active forms (PASTEUR 
LEctT. ), 688. 

Tartaro-8-naphthyl-amide and 
(CoHEN and Harrison), 1062. 

Terephthalaldehyde, oxidation of the 
condensation product of, with phenyl- 
semicarbazide (YouNG and ANNABLE), 
217; P., 1896, 246. 

Terminalia chebula, composition of the 
unripe fruit of (PERKIN), 1137; P., 
1897, 170. 

Tetracet-ethylenediphenylene-p-tetr- 
amide (FRANCIS), 424. 

2:4:2': 4’-Tetrahydroxydiphenylacetic 
acid, barium and zinc salts of 
(Hewitt and Pore), 1089; P., 
1897, 168. 

lactone of ; its molecular weight, and 
acetyl, benzoyl, and sodium deriva- 
tives (Hewitt and Pope), 1084, 
1087, 1089; P., 1897, 168. 

Tetrahydro-p-xylic acid (1 : 2-dimethyl- 
cyclohexene-4-carboxylic acid) and its 
ethylic salt (BENTLEY and PERKIN), 
157, 172; P., 1896, 79. 

Tetrahydroxylic acid (1 :3-dimethy/l- 
cyclohexene-4-carboxylic acid) and its 

ethylic salt (BENTLEY and PERKIN), 
161, 173, 175 ; P., 1896, 79. 

Tetraphenylazine (Laurent’s Amarone), 
preparation of, from benzaldehyde 
and magnesium nitride (SNAPE), 528 ; 
P., 1897, 50. 

Tetraphenylenefurfuran (Japp and 

FINDLAY), 1120; P., 1897, 169. az--, 


-anil 


Thallium, occurrence of, in common 
minerals (HARTLEY and RAMAGE), 
533; P., 1897, 11. 

Thallium alloys with zinc, freezing 
points of (HEycock and NEVILLE), 
395 ; P., 1897, 61. 

THERMOCHEMISTRY :— 

Heat, specific, of silver amalgam 
(LitTLETON), P., 1896, 221. 

Heat of fusion, connection of melting 

point, density and (CRoMPToN), 
929; P., 1897, 110. 

of zinc (HEYcock and NEVILLE), 
403; P., 1897, 61. 

Dissociation pressure of alkylammo- 
nium hydrosulphides (WALKER 
and LUMSDEN), 428 ; P., 1897, 48. 

Thermochemical data, for acids and 

bases in dilute aqueous solution 


and electrolytic = dissociation 
(CromPpTon), 951; P., 1897, 
Til. 


of alkylammonium hydrosulphides 
(WALKER and LUMSDEN), 439 ; 
P., 1897, 48. 

of formation of carbamide from am- 
monium cyanate (WALKER and 
Kay), 508; P., 1897, 76. 

of silver amalgam (LITTLETON), P., 
1896, 220. 

of the hydrolysis of starch by 
vegetable and animal diastase, 
and of cane-sugar by invertase 


(Brown and PICKERING), 783; | 


P., 1897, 131. 


Heat of solution of dextrose, maltose, | 


levulose, milk-sugar, and cane-sugar 
(Brown and PICKERING), 769. 
Thiazine-dyes and Thiazole-dyes, oxida- 
tion of leuco-compounds of (GREEN), 
P., 1896, 226. 
Thiourea, from action of sulphuric acid 


AWAY and STEVENS), 611, 612 ; P., 
1897, 88. 
action of chloracetanilide on (Dixon), 
626 ; P., 1897, 6. 
Tin, ingots, crystalline structure 
(LIVERSIDGE), 1130; P., 1897, 22. 
Fin alloys with zinc, freezing points of 
(Hrycock and NEVILLE), 392; P., 
1896, 61. 
Tin ores, composition of (HARTLEY and 
RaMAGE), 541; P., 1897, 13. 
Tolane, and its dibromide, preparation 
of (SUDBOROUGH), 221. 
dichloride, cis and trans forms of (Sup- 
BOROUGH), 222. 
m-Tolualdehyde, oxidation of the con- 
densation products of, with phenyl- 
semicarbazide (YouNG and ANNABLE), 
213 ; P., 1896, 246. 


of 
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Toluene, nitration of (FRISWELL), P., 
1897, 145. 
p-Toluidine, yellow compound obtained 
by action of diacetyltartaric anhy- 
dride on (CoHEN and HARRISON), 
1061; P., 1897, 167. 
sodium derivative of (TITHERLEY), 
465; P., 1897, 45. 
o-Tolylethylthiohydantoin and action of 
alkali on (Dixon), 636 ; P., 1897, 9. 
o-Tolylmethylthiohydantoin and action 
«of alkali on (Drxon), 634; P., 
1897, 8. 
0-Tolylthiocarbimidoglycolide, from o- 
tolylthiohydantoin (Dixon), 623; P., 
1897, 8. 
0-Tolylthiohydantoin, constitution of, 
and action of hydrochloric acid on 
(Drxon), 622, 625 ; P., 1897, 8. 
o-Tolylthiourea, action of ethylic chlor- 
acetate on (Dixon), 623; P., 1897, 8. 
Triacetylmaclurinazobenzene, produc- 
tion of (PERKIN), 188 ; P., 1897, 5. 
Triacetylphloretylcoumarin (PERKIN 
and Marrin), 1151; P., 1897, 172. 
Tribenzoylapigenin, the properties of 
(PERKIN), 809; P., 1897, 54. 
Triethylluteolin. See Luteolin triethylic 
ether. 
| 4:5:6-Trihydroxypicoline and its salts 
(LAPWoRTH and COLLIE), 843; P., 
| 1897, 146. 
| aa8-Trimethylglutaconic acid (hexylene- 
dicarboxylic acid), and its silver, 
| copper, and ethylic salts (PERKIN and 
| THORPE), 1182; P., 1897, 72. 
| iso-Trimethylglutaconic acid, and its 
| 
| 


silver, barium, calcium, and copper 

salts, anhydride, anilic acid, anil 
(PERKIN and THORPE), 1184. 

| aa8-Trimethylglutaric acid (hexancdi- 

carboxylic acid), silver, lead, mercury 

salts, anilic acid, anhydride (PERKIN 

1187; P., 1897, 


and 


and THORPE), 
72. 
B-bromo-, ethylic salt (PERKIN 
THORPE), 1181. 
and £-dibromo- 
THORPE), 1184. 
B-chloro-, ethylic salt (PERKIN 
THORPE), 1180; P., 1897, 73. 
B-cyano-, ethylic salt (PERKIN 
THORPE), 1189; P., 1897, 73. 
Trimethylluteolin. See Luteolin 
trimethyl] ether. 
2:4:6-Trimethylpyridine and its salts 
(CoLLIz), 308; P., 1897, 43. 
| aaB-Trimethyltricarballylicacid(hexanc- 
| dicarboxylic acid), synthesis of ; iden- 
tity of, with camphoronic acid 
(W. H. PERKIN, junr., and THORPE), 
P., 1897, 73. 


a- (PERKIN and 
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Triphenylmethane, bromo-, action of, on 
ethylic sodioacetoacetate and ethylic 
sodiomalonate (HENDERSON and 
PARKER), 676; P., 1897, 119. 

Triphenylmethane colours, oxidation of 
leuco-compounds of (GREEN), P., 
1896, 226. 

1:3:4-Triphenylpyrazole (JAPP 
TINGLE), 1148; P., 1897, 171. 

2:3: 5-Triphenylpyrroline, formation of, 
from dibenzoylcinnamenimide, and its 
oxidation (JAPP and TINGLE), 1146; 
P., 1897, 171. 


and 


U. 


Ungarica gambier, the composition of 
catechu from (PERKIN), 1135. 


7 


Valeraldehyde, formation of (COHEN 
and CALVERT), 1051. 

iso-Valeric acid, a-bromo-, action of 
ethylic sodioacetoacetate on (SPRANK- 
LING), 1164; P., 1897, 173. 

Valonia, composition and dyeing pro- 
perties of (PERKIN), 1137; P., 1897, 
170. 

Vanillic acid from the hydrolysis of 
rhamnazin (PERKIN and MARTIN), 
820; P., 1897, 139. 

Vanillin from the hydrolysis of rham- 
nazin (PERKIN and MarTIN), 820; 
P., 1897, 139. 

Vapour pressures of normal pentane 
(Youne), 448; P., 1897, 58. 

Velocity of formation of carbamide from 
ammonium cyanate dissolved in 
aqueous alcohol (WALKER and 
Kay), 489; P., 1897, 75. 

of carbamide in presence of glycerol, 
cane-sugar, glycol, methylic alcohol, 
and acetone (WALKER and Kay), 
506 ; P., 1897, 76. 

Velocity of solution of zinc in acids in 
presence of salts (BALL); 642; P., 
1896, 235. 

Veratric acid (dimethylprotocatechuic 
acid), formation of, from hydrolysis 
of aconitine (DUNSTAN and CARR), 
356; P., 1895, 154. 

Veratryl-y-aconine, properties of, and 
its salts (DUNSTAN and CARR), 856; 
P., 1895, 154. 

Vinegar, manufacture of 
Lect. ), 721. 
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Vinylic tribromide, behaviour of, towards 
sodium ethoxide (Gray), 1024; P., 
1897, 140. 

Virus, attenuation of (PAstrEUR LECcT.), 
739. 

Viscosity of mixtures of liquids (THORPE 
and RopGER), 360; P., 1897, 49. 

Volume, molecular, of potassium, rubi- 
dium, and cesium selenates (TuTToN), 
870; P., 1897, 116. 


Ww. 


Water vapour, influence of, on the forma- 
tion of ozone (SHENSTONE), 472; P., 
1897, 2. 

Water, Sea, presence of oxidising agents 
(iodates) and gold in (Sonstapr), 
P., 1896, 236. 

Wechsler’s method for separating fatty 
acids, criticism of (CROSSLEY), 580 ; 
P., 1897, 21. 

Wine, diseases of (PAstEUR LEcT.), 723. 


x. 


Xylic acid, reduction of, and separation 
of, from p-xylic acid (BENTLEY and 
PERKIN), 157, 161; P., 1896, 79. 

p-Xylic atid, reduction of (BENTLEY and 
PERKIN), 157; P., 1896, 79. 

p-Xylyl methyl ketone, oxidation of 
(BENTLEY and PERKIN), 180; P., 
1896, 79. 


Y. 


Yeast, multiplication of, in a saccharine 
solution (PastguR Lxct.), 729. 
effect of oxygen on fermentation by 
(PASTEUR LEcT.), 728. 


Z. 


Zinc, influence of dissolved salts on the 
rate of solution of, in acids (BALL), 
642 ; P., 1895, 235. 

Zinc alloys with other metals, freezing 
points of (HEycock and NEVILLE), 
383 ; P., 1897, 60. 

Zinc hydroxide, precipitation of iodine 

along with (RETTIE), P., 1896, 178. 

double sulphates of iron, copper, 
chromium, and (Scotr), 566; P., 
1897, 71. 
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ERRATA. 
Vou. LXIX. (Trans., 1896). 
Page Line 
1612 8* for “litmus” read ‘‘ phenolphthalein.” 
1640 S wz - », ‘**lacmoid paper.” 


1665 17* after ‘‘ acid” insert ‘‘ to lacmoid paper.” 


Vou. LXXI. (Trans., 1897). 


Page Line 
78 2 of footnote, for ‘* — 100°106 read ** 100°106 ,, 
100 x “99908 0°99908 
80 2 for ** were” read ** was.” 
10 S-RS,, me 3 
ce S00 ane a © 
eo #8, = read ( 770) 
100 8 ,, ‘‘ absolute” read ‘‘ anhydrous,” 
0°1765 100 x 0°1765 ,, 
101 19 66 — —? read ** 
* 06016 0°6016 
9. > yv Oe " 
101 0 8 _,, 2087 _ ppg ce _100x 2047, 
1°3717 x 5°0798 1°3717 x 50798 
A C A Cc 
114 23 & 24 ,, “[a]js. and [a]j;..” read ‘* [a] jz.cg and [a] jz.g6- 
402 7 ,, ‘* We have (No. 2)” read ** We have not.” 
423 6* ,, ‘*NH,°C,H,°NH°C,H,°NH°C,H,,4HC1” read 


** NH,°C,H,NH°C,H,NH°C,H,° NH,,4HCL.” 
573 head line for “ ALKALOIDS” read ‘‘ HALOIDS.” 


5* ,, ‘*benzaldoxime”’ read ‘‘ benzaldehyde.” 
574 16 » ‘‘oxime”’ read ‘‘ ketone or aldehyde ” 
578 3} » “‘Agl” read ‘*1.” 
” ‘; 
| 
a os »» **(CH;),CN(CH,)0,HI,I,” read ‘*(CH;),CN(CH,)O,HI, I. t 
1111 yee iii ataiaiiaia st gaa its 
1112 16 J Sor ** CygH,,0;(OH)(COOCH,) ” read ** C,;H,90;(OH)(COOCH,).” 
7 2 for ‘*C,9H,90;(0H)(COOC,H;)” read ‘*C,,Hyy03(0H)(COOC,H;).” 
a 23 ,, ‘*C,.HgBr,0,(OH)(COOCH;)” ,, ‘‘C,,;H,Br,0;(0H)(COOCH,).” 
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Vou. LXXT. (Trans., 1897). 


Page line 
423 6* for ‘‘NH.°C,H,°NH°C,H,NH°C,H,,4HC1” read 
** NH,°C,H,NH°C,HyNH°*C,H,° N H,,4HCL.” 
573 head line for “ ALKALOIDS” read ‘‘ HALOIDS.” 
‘**benzaldoxime”’ read ‘‘ benzaldehyde.” 
» ‘*‘oxime” read ‘ketone or aldehyde.” 


oo “Agi” cond-“1.” 


,, ‘*(CH,),CN(CH,)0,HI,I,” read ‘[(CH,)sCN(CH,)0, H1),I.” 


Vor. LXXII. (Assrr., 1897). 
Part I. 


Page line 
216 20* for **C,H,” read ‘*C,iHy.” 


* From bottom. 
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